
1 eo MINUTES OF PROCEEDINGS. 

DISCCSSION. * 
Mr. BAZALGETTE said he  had  started a  somewhat  novcl  view, 

namely, the comparative values of sewage and of water  as  irrigants. 
He wished it to be distinctly understood that  that  view  was 
only  suggestive. It was not  put  forward as a well-matured and 
digested  theory,  or in  a  dogmatic spirit,  but  to elicit remarks from 
those  who were more competent to form an opinion upon its merits 
than  he was. In  the  Paper it rested  upon  a single  analysis  by 
Dr.  Frankland,  which  went  far  to confirm its accuracy. At  the 
same  time  he  was  not in a  position to  say  whethcr  the  general 
results of practice would support it. 

General SCOTT was  unwilling it should go  forth,  after  all  the 
proofs to  the  contrary,  that no  method of precipitation  had been 
found sufficient to  purify sewage water.  The  Author  had  stated 
that  there would be  no advantage  in  multiplying evidence beyond 
the  stage which had now been reached, as practical experience 
showed the incompetency of any method of chemical treatment to 
deal  independently  with  sewage;  and amongst the conclusions 
drawn  in  the  Paper  was  that  where  land could be reasonably 
acquired, irrigation was the best and most satisfactory  known 
system for the disposal of sewage. Five  years ago,  when  General 
Scott first introduced  his system at  the Society or“ Arts,  he took 
occasion to  guard  against  thc supposition that sewage water could 
be purified by precipitation, and  the propositions he  laid down, for 
the final  purification of contaminated water, were that no artificial 
process, whether chemical or mechanical, could compare with  filtra- 
tion  through a considerable depth of soil and over a wide  area 
relatively  to  the  water to be dealt  with.  The  Author  stated ‘‘ that 
the province of chemistry  must be limited t o  the  treatment of 
sewage in  combination with subsequent natural or artificial filt1.a- 
tion of the  effluent” (ante, p. 121). He  had  said, on the occasion 
referred to, ‘‘ My scheme makes no claim to  the complete purifica- 
tion of sewage water,  or to supersede irrigation  or  filtration, when 
these processes can be  carried  out, nor does it pretend  to  extract 
from the  water those highly  fertilising  but soluble  substances 
which  are  known  to  exist  in sewage.” 2 It was clear, then,  that 
these opinions as  to  the inefficacy of chemical treatment to purify 
sewage  water were in accord, and  he objected to being classed 
with those  who thought otherwise. It was  admitted, ‘‘ That a 

1 The  order of the  speakers has been slightly  varied  in  the  endeavour to 

* Vide “Journal of the  Smiety of Arts,” May 17, 1872. 
approximate to the classification adopted by the Author.-SEC. IXST. C.E. 
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chemical process may  be employed with  advantage  in  the case of 
irrigation  or downward  filtration, either, when contiguity  to  human 
habitation,  or  limited surface area,  requires  a more efficient screen- 
ing of the  raw sewage, before it is passed upon the  land,  than 
can be effected by mere subsidence or mechanical extraction ” (ante, 
p. 121). General  Scott advanced no more, but from this  point  he 
differed with Mr. Bazalgette. Mr. W. Hope, V.C., had said, “It 
is because, in my judgment, sewage irrigation cannot be carried 
out from the utilisation  point of view without storage tanks,  that 
it becomes necessary to  deal in some way  with  the sludge, because 
if you store you cannot, avoid deposition.” The Author, however, 
apparently  attributed  this necessity to  the use of a chemical pro- 
cess, for he added, “ I n  these cases, however, as in every other 
where chemicals are introduced, the accumulation of sludge  is  an 
objection inseparable from their use.” Or, in  other words, that 
the chemicals were somehow responsible for any difficulty in  
getting  rid of the  sludge  and for its accumulation. General Scott 
did  not mean to  say  that  the use of chemicals did  not increase the 
bulk of the sediment, but he  denied that  they made it more  diffi- 
cult  to deal with. In  the Birmingham Sewage Enquiry,  to  which 
reference had been made, Mr. Hope stated (p. 175), “There is 
really so little smell about a  sewage farm except from the solid 
matter. I have on my own to  take  out  the sediment. I have no 
use to  put it to, and it accumulates.” The sludge then accumu- 
lated  without  the use of chemicals. He should like  to  draw a 
comparison between the  untreated sludge  which  had sometimes to 
be got  rid of, and  the sludge treated  with chemicals. At  the 
same enquiry Mr. Hawksley spoke of untreated sludge as “ a  very 
abominable thing ” (p. 248). Dr. Letheby said (p. 436) it caused 
such  a  nuisance that he “could  hardly  endnre  the smell,” and 
Mr. Hope  said (p. 162), “It  stinks worse than  anything I ever 
smelt  out of Constantinople.” But  what was the condition of the 
sludge when  lime was  used ? Dr. Frankland remarked (p. 263), I 
should prefer to  treat it with lime alone, and  to use the  sludge 
according to General Scott’s process, which does not occasion the 
slightest nuisance.” The question was also asked (p. 276), “Or a t  
Dunton ; would there be any nuisance caused by  the depositing 
process and  by  the use of chemicals ?” ( I t  was an  error  to suppose 
that  the Birmingham scheme was a scheme of irrigation  pure  and 
simple; it was  a mixed scheme, and it was intended to  precipitate 
the sludge a t  Dunton in tanks.) The reply was, “There I should 
apprehend no  nuisance whatever if lime  were employed.” Again, 
Dr. Frankland testified (p. 278) that he had  sludge produced by 

[1876-77. N.&] iM 
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precipitation  with  lime  thrown on the  ground before him,  and 
that it “ was  absolutely inodorous.” Dr. Voelcker and Dr. Odling 
gave  testimony  to  the same effect. Nor was it only on the  strength 
of what  these  gentlemen had stated  that  reliance could be placed 
upon the good  effect of lime  in  reducing nuisance. Mr. Rawlin- 
son had been quoted amongst  others  as one who had condemned 
the  lime process, and  the system was spoken of as ono which  the 
various River  Pollution Commissioners had deprecated. So far, 
however, from that  being  the case, one of the  earlier Commissions1 
stated,  and Mr. Rawlinson  signed the  report,  “Without  going so 
far as to  say  that  the  precipitation  by  lime is a  perfect process, 
or  that it can in  all cases be adopt.ed, we feel satisfied that it 
does, to a great  extent, fulfil the purpose for which it is employed, 
SO far,  at  least,  as  the purification of rivers is concerned.” Then, 
after  adverting  in  strong terms to  the  silting  up of rivers by throw- 
ing sewage into  them,  the Commissioners added, “ The  lime  pro- 
cess does effectually remove the solid suspended matter,  and  in so 
far accomplishes a great  and manifest good.” I n  reference to  the 
results obtained by  the process he  had  attempted  to  apply t o  the 
sludge, the case of Birmingham  had been quoted, and it had been 
stated  that  an infinitesimal quantity of sludge  had been converted 
into cement. He  was  willing  to  admit  that  the  quantity  was 
small;  the most  ever made in  one week was 5 tons,‘ and some- 
times  the  amount was  only 3 tons. No surprise would therefore 
be felt  that on that scale a  cement manufacturing process was not 
particularly  remunerative.  The Chairman of the Sewage Com- 
mittee, however, after  the process had been under operation for 
some time,  stated, “ The  results of our experiments  lead me to 
believe that  (the value of) it (the cement)  cannot  be less than 5 2  
per ton. Xven with our imperfect  appliances, we have produced 
a good cement.” Since that  time a great change had  taken place 
in  the  amount of sewage admitted  into  the  tanks.  There  was 
a peculiarity  in  the sewage of Birmingham  not  met  with else- 
where. Owing  to  the  nature of the manufactories of the  town a 
large  quantity of salts of iron, chloride of iron,  and  sulphate of 
iron, passed into  the- sewers, and  the  result was that  the  lime 
added was to a large  extent carried away i n  solution. It fre- 
quently happened that no lime  whatever  for  half  an  hour or an 
hour  was  precipitated  with  the  rest of the solid matters.  He need 
not  say it was  a difficult thing  to make cement when there 
was no  lime present. It was  then necessary to  add  the  lime,  and 

m e  ‘I Sewage of Towns Commission,” 1857, pp. 23 and 24. 
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"that increased the expense of the process, and  detracted from the 
quality of the cement. Still  he  thought it must be admitted  as 
probable, by  all who had gone into  the  Birmingham case, that  the 
sludge  which  had  to  be  dealt  with  might  perhaps  be  treated more 
satisfactorily  by  the cement process than  in  the  way now chiefly 
followed. Mr. Bazalgette had  stated  that  the operation of digging 
it into  the  ground was  incessant, and  that  the accumulation of 
.sludge  was so enormous as to  be  almost  unmanageable ; he also 
.admitted  that  frequently it might  be necessary, or  at  all  events 
;advisable, to employ some method of precipitation. If so, what 
d i d  he propose to do with  the  sludge? General  Scott's  suggestion 
was  this :-lime was the cheapest precipitant;  the best way 
to  get  rid of the deposit produced was  to  burn it;  the deposit 
when burned would make good agricultural lime, or lime for 
building purposes, or, by  adding clay, if  there were not  any  with 
the sewage, it would make good cement, and therefore the wise 
thing  to do would be to make it into cement, since it would 
not  sell as manure. He was a great admirer,  as every one must 
be, of the Main Drainage of London ; but he was not at  all  certain 
that,   at  some future time, the question might  not be  asked, why 
the sewage sludge  had been allowed to silt up the river, instead of 
being made into  cement? 

Mr. W; CROOKES begged to be regarded simply as  an  independent 
man of science, who for some years had made this subject his special 
.study, who had watched the different processes in  actual opera- 
tion,  and who had experimented alike in  glasses containing a pint 
of sewage and  in  tanks  holding millions of gallons. 

The Sewage Question required  to be considered from various 
points of view, and demanded for its successful solution the  intel- 
ligent co-operation of several professions. The engineer had 
to devise the most efficient means of bringing  the polluted 
waters, before they  had  time  to  putrefy,  to some convenient spot 
below the town, in  the selection of which  there was no little diffi- 
culty.  He-had  to  arrange  all  the mechanical details of the process 
.selected, and unless these were  judiciously contrived  and  adapted 
to  the exact  circumstances of the case, the most powerful chemical 
agencies would be employed a t  a disadvantage,  or  altogether in  
vain. Not less important was  the. sphere of the chemist. He 
had  to decide upon the efficiency of the means employed for the 
purification of polluted waters,  and to  ascertain in  how far  they 
might be considered successful. The medical practitioner, espe- 

"cially  the  public officer  of health,  and  the  practical  agriculturist, 
.were also entitled  to  he heard.  Nor must it be  forgotten that  the 

M 2  
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subject  had also a  financial aspect, which professional men  were toe 
apt  to overlook, but  which was tangibly  brought home to  the 
minds of the  ratepayers,  and defined the  limits  within  which 
work  could be done. Still it might be hinted,  that  whilst muni- 
cipal  authorities were perfectly justified in  counting  the cost of 
sanitary reforms, they should also endeavour to form an  estimate 
of the cost of sanitary-or rather unsanitary-neglect. If it could 
be fairly counted  up, it would, in  his opinion,  prove the  heavier 
burden of the two. The only difference was that  every  man hoped 
he  might escape typhoid fever, cholera, or  other pestilence, whilst- 
no one was  sanguine  enough  to hope that  he  might escape the  rate- 
collector. Hence  he preferred possible sickness and  death  to  the 
certainty of an  extra 3d. or 4d. in  the 5. He  had spoken of the- 
duties of certain professions in connection with  the  treatment of 
sewage;  neither would he  deny  the  right of men  outside those 
professions to  give  the benefit of their experience, if  such they 
possessed. But  he  regretted to find men  who had no experience, 
beyond what  might  have been gained by a few flying  visits to. 
sewage  works, expecting  to be accepted as  authorities.  All were, 
surely,  aware that  the  treatment of sewage required close, pro- 
longed, practical  attention. A man could no more decide, by 
reading  reports  and  extracts, how  sewage  was to be treated, than 
he could learn from books how  to  direct  an  army in the field, or 
how  to  carry  out  large  engineering works. How, without  being 
familiar  with  all  the  facts of the case, could he know whether a 
plausible argument was  well or ill founded ? 

In speaking of the different  systems of sewage treatment,  he. 
always endeavoured to deal fairly  with each. He had come to 
the conclusion that  there  was some  good in every process, and  that 
no one  system could be  sweepingly declared equally well adapted 
to all circumstances. There were cases where  he  should recom- 
mend irrigation;  there were others  where  he should advise preci- 
pitation;  and  there were some where, from the  standpoint of 
present knowledge, he should give a  provisional  adherence to 
" waste"-the running  the sewage into  the sea. 

As a process which  numbered many  and most zealous-not to 
say occasionally intolerant-advocates, he would first refer  to irri- 
gation. No one could dispute  that  earth  had a wonderful de- 
odorising power, which increased the more finely the soil was. 
pulverised and subdivided, and  the more thoroughly it gave passage 
to  the  air.  The  fmal  matters  and  other  impurities  attached them- 
selves to  the surfaces of the particles of earth  by a kind OP 
cohesive attraction,  and  in  this  state were readily  attacked  by  the 
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oxygen of the  air.  Their organic carbon became carbonic acid ; 
their  nitrogen was converted into  nitrous  or  nitric acid, which 
united  with  the lime, magnesia, and  other basic matters present. 
Mechanically suspended impurities were arrested  as  by a sieve, and 
the  water issued from beneath-not, indeed, fit for dietetic  or 
domestic purposes, but  at  any  rate  in a fair  state of purity,  and 
quite inoffensive to the senses. But,  whilst  admitting  that  the 
soil had  these powers of purification, when  in  an excessively fine 
state of division, and uniformly porous to a considerable depth,  yet 
.a shallow, rocky, or  stony soil was of little  value; moreover, with 
a dense clay the sewa.ge was  apt  to form pools on the surface, and 
turn  the  land sour,” as  farmers expressed it. I n  dry weather, too, 
a clay soil cracked, and, as the  recent  report of the Local Govern- 
ment Board admitted,  let  the sewage pass not even clarified. Now, 
to find soils suitable for effective irrigation  at a, convenient  dis- 
.tame below a town was not  always practicable. Many  towns 
lay in a river valley, and  to receive the sewage some situation 
must be  sought  lower  down the valley. But  the  land  in  river 
valleys could rarely be had a t  a low cost, except it was  liable  to 
be flooded. Hence irrigation,  whatever its advantages, and  he  was 
willing  to  admit  they were  many, could only  be  applicable to a 
small  number of English towns-perhaps to  not more than 5 per 
cent. It must also be remembered that  there were few crops to 
which,  according  to the recent Report of the Local Government 
Board, constant applications of sewage  were beneficial, or even 
safe : these were manguld-wurzels, cabbages, and especially Italian 
rye-grass. To potatoes, turnips,  and  white crops sewage must be 
applied  with  great caution, even in dry seasons. 

As to Intermittent Downward Filtration, it had been rated  by 
Mr. Bazalgette a t  its just value. It had  all  the disadvantages of 
irrigation,  with scarcely any of its redeeming points. 

The  next method of dealing  with sewage might best be described 
as L( waste.” Towns lying on the sea-shore were simply to carry 
%,heir sewers out below low-water  mark. When  this could be done, 
the system-whatever might be thought of its ultimate resulta- 
had at  any  rate  the  merit of cheapness. I n  a land-locked bay, 
especially in warm climates-e.g. Sydney, Melbourne, Rio Janeiro, 
Bombay, Bahia, &.--this process would assuredly,  if  carried out 
Tor any  length of time, establish a perfect focus of pestilence. 
Towns  situated on a river were sometimes recommended to  adopt 
this system, carrying  their sewage down in canals  to a point below 
where the  waters of the  river were  required  for domestic or 
manufacturing use. But  here  this process began  to be attended 
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with difficulties. Whether  or  not  to  waste  the sewage was one 
question, but  to  incur a  heavy first cost and  additional  yearly 
expense in  carrying  out such  waste  was another. 

But  the  waste process, like  irrigation,  was only  applicable to 8 

limited class of towns. What,  therefore,  was to be done with  the 
remainder ? Purification by chemical means, better known by  the 
term “ precipitation,”  was  here a matter not of choice, but o f  
necessity. And he  did  not see, if  the  matter  was examined in  the- 
light of common sense, that  the necessity should be considered very 
hard. It had been the  evil of precipitation processes that  they 
had been generally worked by joint-stock companies, the prices o f  
whose shares were quoted on ’Change. These companies, engaged 
in a new  and difficult business, had to feel their  way,  and it had 
been argued, from the  scanty success of some of these companies, 
that   the processes employed were inefficacious. Such  reasoning was. 
utterly fallacious. The efficacy  of a chemical operation had no2 
connection with  the  price of shares. 

Admitting  that  in  many cases chemical  treatment-call it pre- 
cipitation,  though  the word did  not  fully cover his meaning- 
was  the  only  available expedient, the question next arose, What 
process was  to be adopted?  There was, in  the  first place, the  lime 
process, either in its original  state,  or followed up by  filtration (as 
a t  Bradford), or worked with  the  addition of small quantities of’ 
other substances.  These processes expelled any ammonia existing, 
as  such  in  the  water ; they gave an  alkaline deposit which  readily 
became offensive, and  without  great care they yielded an  alkalinc 
effluent water. NOW, it was well  known that  organic  matter 
mixed with  an  alkali entered into putrefaction of a  most offensive 
and dangerous  character. If the effluent water from the  lime 
process fell  into a river  containing mud rich  in half-decomposed 
organic  matter,  all  the conditions for a  nuisance  were ready a t  
hand.  True, when  such an  effluent  had  travelled for some distance, 
it would gradually be neutralised by  the carbonic acid of the  at- 
mosphere. Still if  a number of towns  continually disgorged lime 
effluents into a  stream, the  general  character of that  stream would 
be offensive. In any sewage process it was  important  to keep the  
effluent water  neutral,  or even  a little on the acid side. The  lime 
process had, however, its legitimate sphere. I n  towns like Shef- 
field and Birmingham, where  the sewage  contained  abuudance of 
acid metallic salts, it might,  if judiciously  managed, produce excel- 
lent results. 

Then  there  was a class of processes which depcnded on the appli- 
cation of a  phosphate. Phosphate of lime  was rendered  soluble b y  
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an  acid, was mixed with  the sewage and  then rendered  insoluble 
by  an  alkali or alkaline  earth, in  the expectation that  the  im- 
purities would be precipitated  along  with it. This was, to a great 
extent,  the case, but  there remained some formidable difficulties. 
Phosphate of lime when freshly  precipitated  was soluble to a de- 
cided extent  in  water  containing carbonic acid, common salt,  or 
sal-ammoniac. Now sewage contained these ingredients, and hence 
a quantity of the phosphate of lime remained in solution and 
flowed out  with  the effluent. But soluble, or even  gelatinous phos- 
phates, in  contact  with  organic  matter,  had a  wonderful power of 
setting  up putrefaction and  favouring  the increase of low forms 
of life, such as  the dreaded  Bacteria. Hence, however well  the 
water  might be apparently purified, from  a sanitary  point of view 
any process which  failed to remove the phosphates from the sewage, 
and, a fortiori, which put more phosphates in, could not prove 
satisfactory. 

Kext a number of processes made a more or less extensive use o f  
the sulphates, or the chlorides of aluminium,  or of iron. These 
were  mixed in solution with  the sewage, and a certain  quantity of 
an  alkali  or  alkaline earth-generally lime-was added, to  neutral- 
ise the acid which  was combined with  the  aluminium  or iron, 
and rendered the  precipitation more complete. It was a great 
mistake  to  deny  the value of these processes. It was sometimes 
asserted that  alum would indeed precipitate suspended organic 
matters,  but  was  unable  to effect such as were in solution. This 
was a singular error. Nearly  the whole arts of dyeing-at least, 
wherever mordants were concerned-and of lake-colour making, 
depended upon the  fact  that  alum  and analogous bodies were 
capable of precipitating  organic bodies from their solutions. Al- 
bumen was perfectly  soluble in  water,  but  was  readily coagulated 
and  precipitated  by a solution, e.9. of sugar of lead. Or, if sewage 
were taken  and filtered  carefully, so as to  remove all suspended 
solids, and  then a few drops of a  solution of alum added, a turbidity 
in the  liquid  was soon perceived, which condensed and  settled to 
the bottom as a precipitate composed of alumina combined with 
organic  matter.  The  earthy  and metallic salts  just mentioned 
were not  all  equally  adapted for the  treatment of sewage. Salts 
of iron were apt  to  leave  in  the watercourses a yellow  deposit of 
hydrated oxide of iron,  which  was suspected by outsiders  to be o f  
excrementitious origin.  If  sulphate of iron  was used, the precipi- 
tate,  after a  time,  was liable  to  give off sulphuretted hydrogen. 

In the  sulphate of alumina  and lime process,” the effluent 
might  be  neutral  if  the lime was used merely to  neutralise  the 
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acid of the  sulphate of alumina.  But if it was used in  aid of the 
sulphate of alutnina,  as a substantive  precipitant,  the deposit would 
be alkaline, and the effluent probably also, thus  being open to  the 
objections already raised against  the lime process. A further  draw- 
back to  the processes just mentioned was  that  the sediment, being 
light,  was  apt  to rise to  the surface of the water.  Something was 
therefore required  which  should act  as ballast. Besides, with  the 
salts of aluminium and  iron  the work of purification  was not 
complete. Something was wanted  to absorb the sewage gases 
into its pores. 

The action of irrigation  lands  and filters depended greatly on the 
fact, that  the  impurities appeared to be attracted  out of the  water, 
if a sufficient extent of finely  divided matter, sand,  clay, or char- 
coal, as the case might be, was presented to  them,  and  thus  the 
waters were to a certain  extent purified. A little  experiment 
would show that  t8his  end  might be effected in  two ways. If sewage 
was filtered over a quantity of charcoal and clay, the smell  would 
be removed. Or,  if the charcoal and clay were shaken up with  the 
sewage in  a bottle, the smell would  be taken  away.  But  if  this 
experiment  was  tried on a few thousand  gallons of sewage in a 
tank,  the  impurities,  though deposited on the surface of the fine 
particles of clay  and charcoal, still remained suspended. The mix- 
ture  did  not subside. 

Here, now, were two imperfect processes ; on the one hand,  sul- 
phate of alumina,  or some analogous salt which clarified but  did 
not perfectly deodorise, and  gave a precipitate which was  apt  to 
rise  up ; on the  other  hand,  clay and charcoal, which deodorised 
but  did  not clarify, and  which, per LW, remained floating in  the 
water  with  their  cargo of impurities. But  put  these  two classes 
of bodies together  and combine their action, and  the ‘‘ sensational ” 
A  B C process resulted. The charcoal would deodorise, and the 
finely  divided clay would absorb impurities,  and  both substances 
being  brought  to  bear in a state of exceedingly fine subdivision, 
every pound of the  mixture oflered acres of surface. The  Author 
had quoted, from the  Report of the  Rivers  Pollution Cornmis- 
sioners, certain objections to  the A B C process, which he  said 
were  “based  upon  irrefragable  evidence” (ante, p. 112). These 
statements were that :-“ 1. On no occasion harJ the purification 
been sufficiently complete to render the effluent admissible into 
running  water : 2. The  effluent is little  better  than  what can  be 
obtained by mere subsidence : 3. The  manure  has a low  market 
value  and  cannot repay the cost of production : 4. The manipula- 
tions  incident  to  the process are nauseous and offensive.” 
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Now admitting, as he  was willing  to do, that  these charges might 
have  had some show of truth  at  the  time  and for the place to 
which they referred,  he gave  them a most unqualified denial  as  far  as 
the present time was concerned, The purification of the  water  was 
pronounced satisfactory by Mr. Keates in  his  report on the experi- 
ment performed a t  Crossness in  the  autumn of 1872. Mr. Keates 
also mentioned the importa.nt circumstance, that  the effluent channel 
at Crossness, though left, at  his special  request, unswept for nearly 
two months,  did not exhibit  the  slightest  trace of sewage fungus. 
It was  curious that DIr. Bazalgette, who evidently  had made use of 
Mr. Keates’s report, should have overlooked this fact, or should 
have considered it unworthy of mention. The effluent taken  by 
&he  officials of the Leeds Corporation during a week‘s special trial 
in September 1875, conducted without  the presence or even the 
knowledge of the  Native Guano Company or any of its officials, 
was found, according t o  Dr. Letheby’s analysis, to  fulfil the re- 
quirements of the  Rivers  Pollution Commission and of the Thames 
Conservancy. 

As to  the second and  the  fourth charges, they were  almost  too 
absurd even for contradiction. That  in  the face of the evidence 
which had appeared on the  other side they could still be believed 
and  retailed  without examination  was strange. Mr. Keates, in  his 
report before referred to, expressly stated  that  the process from be- 
ginning  to  end was  free from nuisance. At  the Leeds Sewage Works 
the  authorities  had uniformly declared the A B C process to be en- 
tirely free from offence ; and  their experience with  this process 
could scarcely be  called  imperfect or  experimental, for by  it  had 
been treated  nearly 5,000,000,000 gallons of sewage, without a 
single complaint of nuisance, and  with  the production of an effluent 
fit to run  into  any  ordinary river. The  experiment of allowing a 
tankful of sewage to subside without  the  aid of chemicals was 
tried  by  the Leeds sanitary  authorities in  18 i3 ,  and  the  result 
showed  that  the second objection was simply ridiculous. 

He now passed to  the  third objection--the manurial value of the 
‘( native guano,’’ and  the cost a t  which it was produced. Without 
the  least desire to speak disparagingly of his own special science, 
he  was bound to disregard chemical evidence againvt a  manure, 
when there was  overwhelming  practical evidence of its value. 
He  attached  little importance to a chemical analysis of manure 
when it simply gave so much per cent.  nitrogen, and so much 
per  cent. phosplloric acid. The  nitrogen,  the  analyst said, he cal- 
culated  as ammonia, not  saying  whether it really was in  a form 
that would nourish  a plant  or be  rejected by it; and  the phos- 
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phoric  acid he calculated as bone-ash, not saying  whether it was in+ 
a form which  the  plant could take  up,  or  whether  in a form whicb 
had  little, if any,  manurial value. Just as mere chemical analysis. 
would utterly condemn water  containing Liebig’s extract, infusion 
of tea,  or  bitter ale, as  largely contaminated with  nitrogenous 
organic  matter  or albumenoid  ammonia ; so the chemist, by  taking 
a fictitious standard for manures, and  judging  only  by  the per- 
centage of two of the many necessary constituents of the food 
of plants,  gave  an  arbitrary money value  to a manure  which  was 
often different to  the price it fetched in the market. It was, of’ 
course, evident that  the value of the  native  guano depended in a 
great measure on the  kind of  Rewage from which it was obtained. 
The sewage from a residential  city  containing  no manufactories 
would be likely  to make better  manure  than  that from Leeds, 
which  did  not  contain much night-soil,  but  was  full of manufac- 
turing refuse, dye  waters,  and  things of that sort. The  native 
guano made a t  Crossness produced wonderfully good crops when 
applied on land  adjoining  the Metropolitan pumping  station, and 
under  the  strict supervision of the officers of the Metropolitan 
Board of Works. Dr. Frankland took a sample of the Leamington, 
deposit, and  after  drying it found that it contained about 24 per  
cent. of ammonia. Samples of native guano,  prepared under his 
own eye, from Paris sewage, a t  experimental works a t  Genne- 
villiers,  were sent to M. Terreil, one of the first analytical  chemists 
in  France,  and were  reported by  him to  be worth  in  their  dry  state 
108 6 francs per ton,  or when reduced by  the  normal  amount of 
moisture present in  native guano ” to 87 francs, or 53 128. 5d. per- 
ton.  But  as  regarded  the value of a manure,  facts  were worth 
more than theories. The  great  test was, What would it fetch in  
the  market ? The  Native Guano Company had sold over 4,000 tons 
of their product, which  had  brought  in  about 514,000 in  hard cash, 
or about S3 10s. a ton, and  the  majority of the purchasers had 
expressed themselves satisfied with  the  results. These favourable 
opinions had been given  by practical men, farmers and market- 
gardeners, not  interested  in  the success of any company, and 
assuredly caring  nothing  about sewage schemes, but honest enough 
to  admit facts placed before them. 

The  Author  next  maintained, most  fallaciously, that  by  the 
A B C process purification  can  only  be  purchased at  the sacrifice 
of solvency,” and  that (‘ the  two  results of profit, or even solvency,. 
and purification, are inconsistent and incompatible ” (ante, p. 113). 
It was,  perhaps,  scarcely  consistent with his foregoing remarks  that 
he should admit  the possibility of purification by  precipitation a t  
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all. . It was also well to remember, with reference to profit, that  
Mr. Bazalgette pronounced t,hat “ no profit must be expected from 
the  cultivation of crops ” on an  irrigation farm (ante, p. 158), and 
that  he approved of running  the sewage into  the sea, where any 
return  was  out of the question. But  leaving these points aside, 
look at   the figures of the Crossness report. The assertion was. 
made that it cost S6 6s. 4d. per ton  to produce a manure  worth 
only 51. How were those figures obtained? It would scarcely be 
believed, yet it was the fact, that  the Metropolitan Board of Works 
insisted  on debiting  the process with  the  salary of a chemist who, 
during  the  three months’ official trial,  went down daily  to Cross- 
ness to see the  sampling performed, and  to  take counter samples on 
behalf of the  Native Guano Company ! Yet no one could contend 
that  the services of such a  chemist would form part of the  ordinary 
working of the process. Again,  every man of business knew  that 
sulphate of alumina could be  bought much cheaper on the  large 
scale, under contract, than  on  the  small scale. For the  sulphate of 
alumina employe6 a t  Crossness the  Native Guano Company paid 
5 8  5s. per ton. But  if a large  constant  supply were  wanted, 
then  the  largest  alum  manufacturers  in  the world had offered to 
supply  the same article a t  $3 15s. per ton. Since that  time  the 
price of sulphate of alumina had been brought even lower. 
Further, it was well known  that i n  the  autumn of 1872 the price 
of coal was about double its normal figure, being a t  Crossness 
5 1  10s. per ton. The  total expense of 5914 incurred  in  the  three 
months’ t,rial a t  Crossness was thus a mere fancy  figure, and  threw 
no light  whatever on the  true  average cost of working  the pro- 
cess. But  he  might go further.  Every engineer knew  that  the 
construction of a  series of tanks  and channels, so that  light 
suspended matter  might subside in  them  as  rapidly  and  as 
completely as possible, was a problem of no little difficulty. The. 
depth, width,  and  length of the  tanks,  the  inclination of the sides, 
the, proportion of the  tanks to the volume of the  water  to  travel 
through  them in a given time, all affected the  result. Now at 
Crossness this problem was imperfectly dealt  with.  The  current 
underwent  frequent  turns  at a right  angle,  and  at each of these  a 
rotatory movement was set up,  which  raised the  precipitate  to  the 
surface. To overcome this  an excess of chemicals had  to be used, 
so that  the  precipitate  might fall more rapidly  and more heavily. 
Hence an  extravagant consumption of materials. Parenthetically, 
he  might remark that one of the most important contributions 
which  an engineer could bring  towards  the solution of the sew- 
age question was an investigation  into  the circumstances under 
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which suspended bodies might be brought  to subside, and  into 
the causes which delayed or prevented  such subsidence. 

The accuracy of what  he advanced was confirmed by  the  results 
of  the  experiments made in September 1875 by  the Leeds Cor- 
poration. Whilst  the  water  was purified by  the A  B C process so 
as to come within  the recommendations of the  Rivers  Pollution 
Commission, the  working cost was  merely in  the proportion of 
513,000 yearly, equal to a rate of 3 i d .  in  the 5.  This  in- 
cluded  labour, fuel,  and  all  other charges, in  addition  to  the 
58,000  required for chemicals alone. At  this cost, then,  the  entirc 
sewage of Leeds, a town of 285,000 inhabitants, was actually 
treated.  These  particulars  had been fully  stated  in a  pamphlet by 
Mr.  Morant, the Borough Engineer.  Yet it must  be remembered 
that  the sewage of Leeds was  exceptionally difficult to  treat, on 
-account of the  residual  dye-liquors,  which  required a large con- 
sumption of sulphate of alumina. It was also asserted that it was 
impossible to  dry  the mud from a precipitation process a t  less than 
51 Ss. 9d. per ton. Now sewage  mud had  actually been dried a t  
Leeds in Borwick’s cylinders a t  about 5s. per ton. This  state- 
ment  was made by Mr. Alderman Tatham, and was based upon 
the  actual figures in the books of t.he Sewage  Committee of the 
Leeds Town Council. The  Universal Charcoal Company quoted 
the cost as 5s. to 6s. per ton of dried manure. The  manure pro- 
duced a t  Leeds was  estimated at  20,000 tons yearly.  Supposing 
this  to be sold at  the  contract price, L L  wholly inadequate  to  defray 
the cost of treatment,” (ante, p. 115), as Mr. Bazalgette called it, 
of  12s. per ton.  Here, then, was an income of 512,000 per  annum, 
leaving a total  yearly loss of only ~€1,000. Kow, by  way of com- 
-parison  with  Tunbridge Wells,  a  population of 23,000, in disposing 
.of their sewage by  irrigation,  submitted  to a net  yearly loss of 
55,900. Were Leeds, with its 285,000 inhabitants, as extravagant, 
it would have  had  to pay 51,0~0,000 for its sewage works, and 
%70,000 yearly loss on the operations. The cost in 1875  for wasting 
the sewage of London  was 559,000. But London, large  as it was, 
was  not  sixty,  but  only,  say,  twenty  times as large  as Leeds. “ The 
.experience also a t  Hastings, Southampton, Bolton, and Leeds,” 
.said Mr. Bazalgette, ‘‘ all  tends  to  point  to  the same conclusions ” 
(unte, p. 114). He would possibly be surprised to  learn  that  at  South- 
ampton  there never  was any experience a t  all,  as  not 1 gallon of 
sewage had been ever treated  there  by  the A B C process! At 
Bolton the A B C process was  discontinued by  the Corporation, not 
as inefficient, or  as too costly pro ratd, but because the low standard 
.of purity  there needed could be reached by a cheaper process. 
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At  Hastings  there  was no objection to  the  purity of the effluent, 
and  no difficulty in disposing of the  manure  at a high price. It 
was curious that if sewage works failed commercially from mis- 
management, from disputes, or from any cause whatsoever, the 
blame was always  laid on the inefficacy of the process. 

The Author's  views on precipitation processes, were they well 
founded, would be formidable. But  his information on the subject 
was  neither comprehensive nor accurate. The  authorities he  selected 
were not  always  trustworthy,  and he had  evidently no  experience 
of his own to warn him where they were astray.  He  gave  not  the 
evidence of his own senses, or the  result of his own observations 
and experiments, but mere  hearsay, second-hand testimony.  He 
brought forward  no  facts with which sanitary engineers were not 
perfectly  familiar,  no arguments which had  not  already been 
weighed. He condemned precipitation  utterly ; he  damned irriga- 
tion  with  faint praise ; he rejected Liernurism,  and  limited the  dry 
closet system  to  small  hamlets  and detached buildings. But  he 
had  evidently a leaning  to  that  gigantic system of waste  against' 
which  Liebig argued with such power and perseverance. For  
whether  the sewage of London was  let flow into  the  Thames 
along its course, or was  intercepted and discharged at  Crossness 
and  at  Barking Creek, the loss of plant-food-of the elements 
of fertility  and  human life-was no less culpable. The more 
widely  this system was extended, so as  to  return to the sea what' 
had been taken from the  land,  the more surely  and  quickly would' 
the finite stock of phosphates, of potash, of nitrogen compounds 
present in  the soils of the world, be  exhausted. Let it be remem- 
bered that  the  animal  and  the  plant created nothing.  There  was 
nothing  in bread or in beef which was  not  taken from the soil, and 
unless all were returned  to  the soil that  had been taken from it its.. 
fertility  must  ultimately be exhausted. When  agriculturists  ap- 
plied to  the  land nitrogenous compounds, mineral phosphates, and  
Stassfurth  salts,  they were drawing on the  earth's  capital,  and 
their  drafts would not  always be honoured. One ton of atmo- 
spheric  nitrogen was worth  in  the free state  nothing,  but solidified 
in  the form of nitrates  or ammonia it was  worth S100. The 
store of nitrogen  in  the atmosphere  was immense, but  in  its free, 
gaseous state it was not available either for the food  of plants o r  
for technological or warlike purposes, and was  only  rendered 
assimilable by  natural processes of extreme slowness. Were the 
whole of the sewage to be discharged into  the sea, the  supply of 
fixed nitrogen could not  stand  the  drain  very long. The popula- 
tion of the  United Kingdom  alone would waste, at  the  rate of 
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5 ounce per head, 445 tons daily,  the  market  value of which was 
$44,500, or, Fearly, %16,000,000. If,  then,  the community con- 
tinued  to  waste  the  supply of available  nitrogen, the  time  might 
,come when there would be neither  bread  nor beef-and not even 
.gunpowder ! 

Lieut.401. JONES, V.C., thought it could hardly be maintained 
that  there  had been little discovery or  invention  with  regard  to 
sewage  during  the  last  quarter of a century,  when  the chaos of 
systems  and creeds prevailing  ten years ago was  contrasted with 
the Paper,  running parallel as it did  with  the excellent Blue 
Book on  sewage disposal, and  the  Report of the Council of the 
Society of Arts,  after  an  inquiry  which  had  led  to much the 
same conclusions as those stated  by  the  Author. Mr. Bazalgette 
had asked the question whether sewage could be applied to 
land  at an agricultural profit. Considering the  difficulties of 
.sewage  farming as compared, not  only  with  other  farming 
but  with  other  pursuits, it could hardly be expected that a 
casual shifting committee of a local' board was  likely  to succeed 
in  that  kind of work ; and it would  be  found that  the  majority of 
,experiments in sewage farming  had been carried  on in  that  
shiftless  manner.  Where, however,  sewage farms  had been 
.undertaken  by persons working for their  own interest-as in 
the cases of Mr. Blackburn a t  Aldershot, the  Earl of Warwick 
at Leamington, and Mr. Brundell a t  Doncaster, some degree of 
agricultural success had been achieved. The  results of his  own 
experiments  at Wrexham,  which had been going on  for five years, 
.had been pretty  widely published, from year  to  year,  in  detail, 
The  fifth  year  had  only  just ended, and  he  was not,  therefore, 
prepared  with  the same detail in  regard  to it as  the  others ; but 
his cash book and  stock-taking afforded a sufficient proof that 
the profit of the  year  (which  had been a most unfavourable  one), 
.after  allowing  interest for capital  and  instalments  to  pay off 
the improvements within  the  term of his lease, would exceed 
the  average of the  four preceding  years, and represented a fair 
farming profit. He  paid a rent of S5 for every  acre  under crop 
(with  the exception of 20 acres which  he  had himself added to 
the Corporation  farm), including  rates  and  taxes  and  the sewage ; 
and  under  these circumstances he  thought it was  something  to  say 
that  any profit had been gained. He  had  arrived  at  the conclusion 
t.hat  wherever sewage  was brought  to  the  highest  point of any 
suitable land-and he considered that it ought  to  be  brought 
there by the  sanitary  authority  for its own purposes-any in- 
.telligent  farmer,  who could acquire a little  engineering know- 
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ledge, the use of the  level  and staff being sufficient, might  apply 
the sewage economically to  the whole of his  land,  and recoup 
himself for the expense in a considerable lease. The inference 
t o  be drawn from the  Paper,  and from various reports, was 
that no agricultural profit could be expected. He agreed that 
a town  requiring  to  have  its sewage disposed of could never 
expect a profit under  present  circumstances, but a farmer  might 
reap sufficient profit to make it worth  his  while  to  take  the 
sewage. He would, in  fact, have a better profit than  he could 
possibly get  by  any  other  application of his  capital  to  the same 
land  in  the same  time. Mr. Bazalgette  had  inquired  whether  the 
application of plain  water would not be equally efficacious with 
sewage.  Part of the  land  rented  by  him  was commanded by a 
brook with a  mill-race of fresh water,  and  he  constantly applied 
the  water side by side with sewage on the same land ; the  result, 
.however, was much in favour of the sewage. With  regard  to 
Intermittent Downward Filtration, when he first took his farms 
at Wrexham  he  was assured on every  hand  that  the  land  was 
.saturated  with sewage, and  that  he could do nothing  with it, 
that   the grabs was  rank  and  the  cattle would not  eat it ; in  short, 
that  everything  was  at  the worst. One of the  first  things  he 
did  was  to go to  Merthyr  Tydvil  to see the works  established 
there. He returned,  and under the impression of the excessive 
amount  aod  strength of the sewage he  was to  have, he laid  out 
separate portions of land as a  safety  valve for Intermittent Down- 
ward  Filtration,  with 6 feet depth of drainage,  digging  the  sur- 
face over at  great expense. During  the  first season, the  greater 
part of land being under  hay crop, he  was  glad  to use the 3 
acres set aside. For  about a week he used them  intermittently, 
by  day on one area  and  by  night on the  other;  but since that 
time  he  had  never used them  as a safety valve. About two 
years ago Mr. Bailey  Denton wrote expressing  sorrow that  he 
was  not still using  the  intermittent  filtration area. He replied 
that it was not worth  while  to  waste  the sewage  for the purpose 
of keeping  up  an example of intermittent downward filtration. 
He had found the same thing  at Doncaster, where 5 acres had been 
prepared for intermittent  downward  filtration  as a safety valve, 
but  had never been used. 'He agreed that it was foolish to  have 
.artificial  drainage, which was subject to  many casualties,  when 
natural  drainage was  available. In sewage farming  everything 
depended upon alternate periods of aeration  and  saturation  with 
water,  without which there would simply be  a sewage marsh. He 
had  tried sewage sludge  side  by side with  farmyard  manure for 
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the  last five years,  and  with  about 60 per  cent. of moisture it was, 
bulk  for  bulk,  rather superior to  the manure. The  farmers  were 
gla,d to  give 1s. or Is. 6d. a ton for it ; but  by  leaving it to  dry  they 
lost a great deal of its valuable  qualities. Dr. Voelcker had  taken 
the  right  standard  in  arriving a t  the  actual commercial value o f  
sewage  sludge. He deduced the theoretical value from the chemi- 
cal properties, and  arrived at  the commercial value in  the same way 
as  with  farmyard manure. If  the sewage sludge could be  dried, 
as it had been in some of the samples analysed,  the  highest of the  
practical values was  about 10s. a ton ; but  Dr. Voelcker stated 
that  the  actual cost of drying so as to  make it into a portable 
manure  was 30s. a  ton. He  thought  that  was  an excessive amount. 
He had, on behalf of a company, undertaken some experiments in 
drying sludge, in order to ascertain  the price, and hoped soon to 
arrive  at  accurate  details which  were  now  wa.nting. I t  wa6 
evident that  if  the  sludge was only  worth 10s. a ton when dry, 
very  little could be afforded for the process, unless in those  ex- 
ceptional cases where a town found it SO difficult to  get  rid of the 
sludge that it was willing  to  pay  to  have it disposed of. The 
great  point  now was, seeing  that sewage was regarded as a thing 
to be got  rid of, t o  ha.ve no more than was necessary. But  rain- 
fall  was  taken from the roofs and  the  streets, comparatively  clean 
water  that  might go straight  to  the rivers, and was poured into  the 
sewers, t o  the  great  embarrassment  not  only of sewage  farmers but 
of precipitationists. He had often  asked precipitationists  what  they 
did when  rainstorms occurred ; and  the  reply was, ‘L We draw  the 
floodgates and  let it all go ;” and  every honest  sewage farmer would 
say  the same, unless he  had  the protection  provided a t  Wrexham  in 
the  shape of fixed storm overflows, which took effect a t  a given 
moment. No practical  man would care  to  deal  with  unknown  and 
ungovernable  quantities;  but if he  knew  approximately  what 
amount  he would receive, he  would  know how to  deal  with it. He 
did  not advocate a crotchet  and  insist upon  a duplicate system of 
sewers, complicating the  matter  by  the necessity of watching  every 
spout;  but  he would point  to  such  recent examples as those o f  
Oxford and Reading. The sewage  flowing from Reading amounted 
to 1 7  gallons  per day  per head, with a water  supply of 20 gallons, 
showing  that  the sewers certainly took in  little  or  no  rain or sub- 
soil water.  That,  he believed, was the question of the  future  for 
sewage. Colonel Jones added, that  the soil of his  farm  was a  nice 
loam upon  gravel. 

Mr. C. E. AUSTIN agreed with  all  the conclusions arrived at   by 
the  Author except the  last,  but  he considered that  turning  ths 
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contents of the sewers of towns  into  the sea was a clumsy makeshift, 
only so far successful that it transferred a part of the nuisance to 
some other locality, generally a t  a considerable expense, and cer- 
tainly  at  an  extravagant waste of that which ought  to belong to 
the soil. If  the whole of Great  Britain were to  throw all its sewage 
into  the sea, it would cast away 2,000,000 cubic yards of solid 
matter  annually,  and it would require a t  least 1,500,000 tons of im- 
ports in  excess of its  exports  to keep it above water. Such  a  town 
as Brighton, for instance,  containing, say, a  population of 100,000, 
would produce as much as 5,300 cubic yards of solid house sewage 
per annum, besides 950 cubic yards of minutely divided  grease with 
what, for want of a better name, he called precipitated  carbon; in  
all about 6,250cubic yards, exclusive of the refuse of breweries and 
manufactories, and road dirt. At  least 4,000 cubic yards of this house 
sewage remained undiasolved until decomposed, and would float on 
the  salt water, and  eventually be deposited on the  shore of some 
neighbouring locality, where it would produce fungi,  and on de- 
composition would with  the 2,250 cubic yards of soluble matter  aid 
in  the  growth of other cryptogams,  such  as sponge and seaweed, and 
an accumulation of seaweed was well  known to be an  unpleasant 
thing on the coast. The consequences in  this  temperate  climate 
would not  be so soon felt as they  might be in a hotter place; but 
along  the shores of the Mediterranean and  the Black Sea, wherever a 
Roman town  was formerly situated,  ague  and fever  reigned without 
intermission. He  might  instance Rome and its Cloaca Maxima and 
the  Pontine Marshes ; Samsoon, on the Black Sea, with its salt 
marshes composed almost entirely of ancient  town refuse ; Ephesus 
with its silted-up port,  and Smyrna with its alternating beds of 
oyster-shells and town refuse. Smyrna still discharged its sulliage 
into  the sea, but it did  not affect the town so much as  the opposite 
side of the bay,  where the odour was  overpowering from the solid 
matter  which  had been deposited on the shore. Circumstances did 
not  generally allow  a steep  gradient  to be given to the  long conduits 
which conveyed the refuse to  the sea. A great deal of the solid 
matter was deposited in  them,  and  they became elongated cesspools, 
and  must be constantly cleansed, a t  considerable expense. Then 
the  slush  must be got  rid of somehow. Was it not  better  to  get  rid 
of the whole of the solid matter  at  once? It would not cost any more, 
nor  be a greater nuisance. It should  never enter  the main sewers. 
This objection held good to  all  long conduits with  flat  gradients, 
whether for combined systems with irrigation-which was taking 
.one  man’s nuisance to  his neighbour’s field-or for leading  the 

[1876-77. N.&] N 

Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



178 MINUTES OF PROCEEDINGS. 

sulliage  to chemical works. He  had held the same opinion for- 
eleven  years, that  the solids  should  be  separated from the fluids 
before any  portion  was dissolved or allowed to  enter  the main 
sewers, and  that  the solids  should be got rid of otherwise. They 
were  easily utilised,  without  the smallest nuisance, by  trenching 
into  the soil  when fresh. He had  tried  this for years  in a town 
on the  coast;  and  he found the solids occupied so small a corn-- 
pass, that  the  annual amount  discharged from houses containing. 
a  population of 10,000 could be trenched in  profitably on 4 acre.. 
He  could affirm that  the effluent from dwelling-houses if  properly 
strained, when it was fresh, and  the  strainings  extracted once. 
every  twenty-four hours, would not  contain more than 8 grains 
c% nitrogen  and carbon per gallon, although  by  analysis  the 
fluid secretions alone  furnished 12 grains  per gallon,  allowing 
30 gallons per person. When  only 8 grains of fresh  organic, 
matter per  gallon had  to  be  dealt  with, it was no  longer difficult to 
dispose of the effluent. In   the first place the emanations from it 
in its fresh  state were  innocuous ; and  that  he  thought Dr. Frank- 
land would confirm, for he  had seen a statement of both his and 
Dr.  Letheby's from which such  an inference might be drawn.l It 
might be exposed in  open paved ditches  and  carried  to a  convenient 
place to be purified, if it wanted  further purification. Secondly, 
so small a quantity of organic  matter  was  easily absorbed by 
suitable plants. Next  with  regard  to  irrigation,  in times of. 
flood, such as  during  the  late Thames inundation,  the sewers 
would never be  emptied by  the pumps, but '   the flood would 
be  carried,  as it were, to  the  irrigation  ground,  and,  as Colonel 
Jones had  said,  there  must be an overflow, which  should  be so re- 
gulated  as  to  limit  the  quantity of fluid upon the crops. The over- 
flow filled the  ditches  in  the neighbourhood, carried with it a 
quantity of fibrin  and  other solid refuse, and, when the flood sub- 
sided, transferred  the nuisance to  the neighbourhood of the  irriga- 
tion  ground,  causing  malaria  and deleterious odours. In  this 
country  land  plants were not well  adapted for irrigation, because 
when too much  watered they were apt  to decay and produce 
noxious malaria. Water  plants were the  natural absorbents of 

* " I have ascertained by repeated experiments that  when  the clear liquid of 
common sewage is exposed to the air it quickly absorbs oxygen and loses its 
offensive odour. I t  is the  insoluble organic matter  which  keeps  up  the  putrefac- 
tion  and evolves the noxious gases."-Report to the Hon. Commissioners of 
Sewers of the  City of London on Sewers a d  Sewer Gases, by  Henry  Letheby, 
IvLB., &C., p. 72. 
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the  organic  matter of sulliage; as, for example, the Anacharis 
which, he believed, was called the sewage weed, and  which 
appeared in  rivers when they became polluted with  sulliage,  and 
when the  drains were diverted from the watercourses it either 
wholly, or almost  wholly,  disappeared. One square foot planted 
with Anacharis in  water 2 feet 6 inches deep would absorb, i n  
average  weather, 80 grains  per  day ; 9,000 square feet of such a 
plantation would purify sufficiently 100,000 cubic feet of effluent 
per  day;  or 1 acre would suffice to purify 500,000 cubic feet, 
which  was  equal to  the discharge of a  population of 100,000. 
Many other  plants would absorb  almost as much organic  matter, 
such as Limnaceae (duckweed), Cyperaceae (sedges), Phragmites 
communis (common reed), Butomus  umbellatus (flowering rush), 
white  and yellow lilies, Hydrocharis  morsusrana  (frogbit),  water 
ranunculus,  Sagittaria  sagittifolia (so common in the Thames), 
Marchantea, liverwort,  and,  lastly, watercress, which was  a  pro- 
fitable crop. The space required for purifying  an inodorous effluent 
containing only 8 grains of organic  matter to the gallon could be 
found almost anywhere amongst the  villages  and  hamlets bordering 
the Thames, and for every village  separately when a little prejudice 
was overcome, which it was  the business of the scientific world to 
remove. The inodorous effluent when  required could be conducted 
in paved  ditches, a t  a cost of 7s. per yard,  to  any convenient spot. 
Long sewers and  pumping would thus be dispensed with,  and a 
great reduction in  the cost of construction effected. In conclusion, 
he would observe, that  the purification of the  larger  rivers could be, 
in  a great measure, accomplished by  separating  the  banks (where 
possible) from the  land  by  ditches  containing  aquatic  plants,  which 
should be cut down at  the commencement of the cold  season. Into 
these ditches  all  the  land  water would pass, and become much 
purified before flowing into  the rivers. The  plants would act as a 
strainer,  and if  a  floating bar were placed at  the  outlet it would 
catch the  matter  not  intercepted  by  the plants. It was well known 
t h a t  the  water in the Thames  was generally  purest at  the end of 
the  warm  weather  in  autumn before the weeds began to decay. 
By that time they  had absorbed nearly  all  the  organic  matter from 
the water. If  the  Thames Conservators would then  have  them 
cut down and applied to some useful purpose, much less would 
be heard of the  impurity of the  river above the waterworks' 
intakes. 

Mr. W. HOPE, V.C., desired to correct the  statement  with  regard 
to  the scheme which  he had prepared, in conjunction with Nr. 

N 2  
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Rawkdey, for Birmingham. The  Author appeared to  imagine  that 
it was proposed that  the same quantity of sewage per acre  should 
go on to  the  land  at  Birmingham  as Mr. Bailey  Denton thought 
had been accomplished at  Merthyr  Tydvil.  There never  was any 
such idea. The proposal was 440 persons per  acre ; but  the  land 
selected was  merely  a filter bed at  the  end of a long sewer  from 
which  the sewage would have been discharged  right  and  left  to 
the different farms  along  the road ; consequently, in  many seasons 
of the  year, a  comparatively small  amount of sewage would have 
reached the  filter bed. There were some mistakes in  the  Paper, 
which it was  desirable should  be corrected. For  instance, it was 
stated  that  the  nitrogen  in sewage did  not  appear  to be  susceptible 
of conversion into vegetation. A Committee of the  British Asso- 
ciation  took the subject int.0 consideration  for seven or  eight  years, 
and  had published tables  showing  the  results obtained on Mr. 
Hope’s farm a t  Romford. It was said that Dr. Frankland  had 
found  nearly 70 per  cent. of the  nitrogen  originally  in  the sewage 
escaping in the effluent water from the Lodge farm  at  Barking. 
He had no doubt of it, because in  that case they purposely  wasted 
the sewage. On his  farm a t  Romford over a whole year  only 
10.67 per cent. escaped in  the effluent water It ought  to  be 
remembered that it was  not possible, even in  the most careful  la- 
boratory experiments  with flower-pots, to convert the whole, or  any- 
thing  like  the whole, of the  nitrogen  applied,  into vegetation. It was 
a mysterious process, not  yet  thoroughly understood. From  one-third 
t o  one-half was  all  that  had ever been obtained ; and on his  farm 
he  had  actually converted about one-third. He had,  therefore, 
proved that  the  nitrogen obtained as  in sewage had  the same 
agricultural value,  if  properly and  intelligently applied, as  the 
nitrogen  existing  in  farmyard manure,  guano, or any  other  kind of 
manure. With  regard to the question of value, he would read an 
extract from  a letter  written  by Mr. Morton, in November 186G :- 
‘G We  are  at  this moment getting  about 2s. 6d. a day for each cow 
for ?‘d. worth of grain, 5d. worth of hay, 3d. worth of attendance,  and 
1 cwt. of grass;  and each ton of grass consumed in our cow-houses 
is yielding 25s. in milk.” He  might  add  that, on his own land, 
he  had  cut 80 tons of grass off 1 acre of land  in  twelve consecutive 
months. I n  producing that  grass  there  was no waste of nitrogen, 
but  as much  was  converted as could be expected to be  converted 
from any manure. It followed that  the value,  said to  be “ theo- 
retically I’ placed by  the chemist on human excreta,  was really 
practical. As to  the profits of sewage farming,  he  was  not aware of 
a single case in which it town  farming  land itself had made a profit ; 
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but, on the  other  hand,  he  was  not  aware of a single case, except 
his own, where an individual  farmer  had  not made a profit. I n  
his case the explanation  was simple. He had  contracted for 
the sewage of 8,000 animals, and  had only received the sewage 
of 3,000. The  Author  was wrong in supposing that  carbonate 

' of ammonia, in solution in sewage, could ever evaporate. It had 
a greater affinity for water  than for the  atmosphere;  and it was 
therefore impossible to evaporate it into  the atmosphere. With 
regard  to  the commonly received idea that sewage-grown produce 
was unwholesome, he could support  all  that  had been stated  by 
the  late Mr. Smee about  the  improper application of sewage to  any 
kind of crop, and  the  danger of intestinal diseases from that source; 
but when the sewage was  properly  applied, there was  absolutely  no 
danger  to  either  man  or beast. He  had himself fed an ox of his 
own breeding  exclusively  upon the refuse of his farm for twenty- 
two months, and  then,  in  the presence of Dr. Cobbold and various 
surgeons and chemists of eminence, the  animal was dissected, and 
no trace of disease was found. The  animal  had been carefully 
watered from the house  well, and  not from the horse-pond, which 
was  the source of much disease. He  had invested in  a  herd of 
pedigree  short-horns, and  last year  he had  taken a first prize for 
one of the three-year-old heifers bred on the farm ; so that it was 
evident  there was nothing unwholesome in  the feeding. 

I n  conclusion he would venture  to  draw  attention  to  the fact 
that  there  was unquestionably, a t  times,  a slight odour perceptible 
in  the immediate vicinity of the outfall sewers into  the Thames. 
A few years ago there  was  an  outbreak of scarlet fever, which 
spread through a great  part of London, having its origin,  he be- 
lieved, a t  Barking. At  all events, the  death-rate  in  that  unfortu- 
nate town  was over 60 per 1,000 in one quarter. It was  a common 
mistake  to suppose that  Parliament  had ever sanctioned, or that 
Sir Joseph  Bazalgette had ever designed, the  outfalls for the 
permanent disposal of the sewage of London. Sir ,Joseph and Par- 
liament  had looked forward  to  the sewage being  carried to a greater 
distance from London, and, if possible, utilised. The  fact  that it 
had  not been utilised according t o  the scheme for  which Mr. 
Hope had obtained Parliamentary sanction  was now the subject 
of a suit  in Chancery, and he would not therefore discuss it. He 
would merely  say, that  the  statements  put forward  as to  the 
scheme not  having answered  were entirely  untrue ; that  the scheme 
had not been carried out;  that it had never had a fair  chance; 
and  that it had been throttled. 

Mr. BAILEY DENTON expressed, through  the Secretary, regret 
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that  the  Author should have addressed to the Institution  state- 
ments  in  which  the opinions of others were distorted,  while  the 
most important  features of the cases criticised were  omitted, espe- 
cially  in  regard  to  the  Intermittent  Filtration works at  Merthyr 
Tydvil  and  at Kendal. Passing  by  many minor  misrepresentations, 
he  might  remark  that,  having devoted the  greater  part of his 
life  to improvements of land,  with a view  to increase the produce 
of the  country,  he should be the  last  to  advance opinions so detri- 
mental  to  agriculture  as  the  Author  had  attributed  to  him, for the 
purpose of making  capital  out of what Mr.  Bazalgette  was pleased 
to represent  as  an experiment. So far from this  treatment of the 
subject  being correct, he  regarded  the  appropriate  application of 
Dr.  Frankland’s  theory of Intermittent  Filtration of sewage through 
natural soil as one of the  greatest boons to agriculture-not 
simply  as a means of getting  rid of a troublesome matter,  but as 
a means of adding  to  the food produce of the  country.  He  did 
not  suggest  that  the  country should generally  adopt  Intermittent 
Filtration, per se, in  its extreme form, but  in such modified or 
combined shape  as would meet the circumstances of each case. 
Under  favourable conditions the  view  that 1 acre of suitable soil 
wou-ld cleanse the sewage of 3,300 people could be  verified, 
though it might  never be necessary to go to  such  an extreme. 
To secure  permanency, Mr. Bailey  Denton had recommended treble 
this  area, as a  minimum, or say 1 acre to 1,000 persons. Practically 
it was seldom necessary to adopt  even so low a  minimum as  that. 
He was  now  carrying  out works in different parts of England, 
all of which  aimed at  the perfect  cleansing of the sewage and 
increased produce of vegetation by  the  application of sewage to 
land,  where different  proportions of land to population ruled,  al- 
though  in  only one instance  had  the  narrowest  limits been adopted, 
and  in each case Intermittent Downward Filtration formed a 
part of the operations. As the  Author  had  admitted  that 1 acre 
would cleanse the sewage of 500 or 600 persons, it was un- 
necessary to discuss what should  be the  exact proportion of persons 
to  land,  particularly  as  the figures must  vary  with soil, depth of 
drainage,  and  other circumstances. In  truth,  he  was  quite content 
with  all  the conclusions ” arrived  at  by  the  Author except one, 
though  he rejected i n  toto the means by which  they  had been 
arrived  at. 

The conditions  essential to success were  that (1) the  ground 
should  be appropriately  drained, (2) the  areas  carefully formed, 
and (3) the sewage  applied .intermittently  with scrupulous atten- 
tion.  Intensified Irrigation  was  only a learned  term for bad 
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’sewage farming. Having farmed  somewhat largely,  and being a 
sewage farmer at  the present  time, he  felt assured that sewage 
could not be  constant,ly cleansed, nor a satisfactory  return ob- 
tained from its  utilisation, so long  as  the  farmer  was obliged to 
take  the sewage at   al l  times  and  under  all  conditions;  and  he 
did  not  hesitate  to affirm that no sewage farm could be made 
to perform those  duties,  unless  a  comparatively small  area were 
laid  out for Intermittent&Filtration, to be  held by  the  sanitary 
authority itself to insure;the perfect cleansing of the sewage, 
and not placed in  the  hands of the  tenant of the remainder of 
the land. 

The facts  as  regarded Merthyr  might be briefly stated  thus :- 
Having been called in  by  the Lords Justices of Appeal in Chancery 
to devise a  means of preventing  temporarily  the pollution of the 
river Taff, he adopted Dr. Frankland‘s  suggestion of Intermittent 
Filtration,  and rejected, on the  strength of his own  experi- 
ence in  land  drainage,  the drawbacks Dr.  Frankland himself 
associated with  the process. The works ordered to be executed 
upon his report  had been carried out  originally  by Mr. Harpur, 
the local surveyor. They were, however, done in such  a manner 
that  he was  required by  the Lords Justices  to  take  them  into  his 
own hands. It was when thus obliged to  act  that  the Local Board 
of Merthyr, a t  a meeting called to ascertain his views, authorized 
him so to  carry  out  the  temporary works that  they should after- 
wards  act as a  permanent ‘‘ safety valve ” for the  irrigation  farm 
of 375 acres which  the Local Board were then  laying out. It 
was to  this  fact  that  the  chairman, M;. Jones,  referred, in  the 
expression quoted by  the  Author,  to  the effect that ‘L the Board 
contemplates no abandonment of the  filtration areas, but looks 
upon them  as a ‘ safety-valve’” (ante, p. 142) for the  irrigation 
lands-which was exactly  what  was  intended from the first. 
The  thorough success of Intermittent  Filtration,  as demonstrated 
a t  Merthyr, did not depend upon what  had been done with  the 
areas since they ceased to receive the whole of the sewage. The 
analyses of Dr. Frankland  in 1871 and 1872, those of Dr.  Russell 
in  the summer and  winter of 1872, and those of Dr. Benjamin 
Paul  in 1S71 were sufficient to prove this, when considered in con- 
nection  with  the  results  at  Kerdal.  The average of these  analyses 
showed 0-016 of organic  nitrogen  in 100,000 parts of effluent 
liquid. As to  the  quantity of sewage cleansed when  the analyses 
were made, the  dry-weather outffow of the sewers varied from a 
minimum of 700,000 gallons to  upwards of 1,000,000, increased 
during  wet  weather  to 2,000,000 gallons. These  ascertained quan- 
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tities conveyed much more information than  any  estimate of the 
number of persons contributing  the sewage ; though  under  the 
conditions prevailing a t  Merthyr,  they  might  fairly be con- 
sidered to represent the sewage of 30,000 persons. But  perhaps 
the most telling proof  of the sufficiency of the works was  to be 
gained  from  the words of  Mr. Jones,  who  said that ‘‘ so satisfied 
is  the  Merthyr Board with  the  principle of Downward Filtra- 
tion  as  the purifier of a large  quantity of sewage on a small! 
area, that  Mr. Harpur  has  just designed works for the disposal of 
the sewage of a  population  outside our  main  drainage according to 
that principle, and we are seeking  for powers under a prolrisional 
order  to  obtain  land compulsorily  for that object.” Why  did  the 
Author  omit those  words ? The confidence in  the process existing 
a t  Merthyr  had been further evinced by Mr. Harpur, who wrote 
to Mr. Denton some time previously to the  statement made by 
Mr. Jones : ‘‘ You know my objections to  your  Merthyr scheme 
were  due chiefly to its interference  in some measure with  my 
plans ; but  all  that is past,  and  having carefully  watched the pro- 
cess of sewage filtration in  operation  here, and observed it,s 
remarkable success, I should be fostering a  prejudice  if I hesitated 
to  give evidence in  its favour.’’ “ I  am satisfied that  where  land 
for irrigation is expensive or difficult of access, filtration is the 
proper thing.” 

Leaving  the  Author  to raise  doubts and difficnlties as  to  the 
exact proportion of population to  land,  while  declaring  his  own 

conclusion ” to  be  that  the process might  be resorted to  when 
land was difficult to obtain  (which was  all  that Mr. Denton had 
ever advanced),  if the number of persons contributing  the sewage 
did not exceed 600 (instead of 1,000, as suggested by him), he 
would remark  that  the  important question was, not whether  the 
number of persons should be 600 or 1,000 to  the acre, but how 
the different modes of treating sewage affected the ratepayers, 
always  assuming  that  the  rivers were relieved of pollution. The 
following facts  as  to  Merthyr met this  part of the question i n  
a decisive manner. The  return from the crops raised during  the 
k s t  year from the 20 acres  laid out for Intermittent  Filtratioa; 
while  they were  cleansing the whole of the sewage discharged 
from the  Merthyr  district, reached 520 an acre, and  the Name 
average  return  had been obtained from the 55 acres of land imr 
mediately adjoining  the 20 acres. If instead of extending the. 
application of the sewage to  the  additional 300 acres a t  a dis- 
tance, now prepared to receive it,  the works had stopped with 
the 20 acres of filtration  and 55 acres of irrigation,  the  ratepayers 
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at Merthyr would have obtained  a return more than sufficient to, 
cover the cost of the 75 acres of land  and  the whole of the 
works connected with  the 75 acres. From  the  best information h e  
could collect, the  actual outlay for works on the 75 acres had 
been rE6,OOO. That sum cove1,ed the delivery  conduit and the 
preparation for both  filtration  and  irrigation. Seeing that  the 
cost of the  preparation for filtration  was  greatly increased by 
the circumstance referred  to, it might be assumed that  the whole 
75 acres could have been laid  out for Intermittent  Filtration  for. 
the same sum  that  had been expended on the combined arrange- 
ment. Now the sum of 26,000 a t  6 per cent., to  repay  the principal1 
with  interest, was equal to  S360 per annum,  and  the  rent  or  annual 
charge for the 75 acres of land, he was informed, did  not exceed. 
S.380. It followed, therefore, that  the  yearly charge upon the 
district for both land and preparation  amounted at  this moment to 
about 5740, or nearly $10 an acre ; so that if the  return from the 
crops on the 75 acres  should still amount  to S20 an acre, and  the 
current expenditure to no more than S10 an acre (which was ample), 
there need be no charge  whatever upon the  ratepayers of Merthyr 
for the disposal of their sewage. What was the  actual  state of 
things ? The  annual charge, to  repay  the cost of the 375 acres, 
amounted to  about rE3,500 a year,  necessitating  a rate of 65d. in 
the 5, irrespective of any loss which attended  the  farming of the- 
375 acres instead of the 75 acres, and  the loss on sewage farming 
always increased as the area  increased beyond the demands of the 
locality  for sewage products. These  figures were those  given 
in  the recent report of the committee  appointed by  the Local 
Government  Board, and it might  fairly be  asked why‘  the- 
actual effect upon the  ratepayers had not been referred to, seeing 
that  the  report,  as  the  Author  stated, was issued in December 
last. 

The facts with  regard  to Kentlal had been even more distorted 
than those of Merthyr. The  “sewage  proper” of the town 
(400,000 gallons  daily), before dilution  with subsoil water,  which 
raised  the average outflow to 975,000 gallons in  dry  weather,  was 
perhaps  as  filthy  as  that of any town in  England ; for although  out 
of two thousand seven hundred  and twenty-seven houses only  four 
hundred  and fifty had water-closets, tlie overflow from sixteen 
hundred commcu privies was discharged into  the sewers, in  addition 
to  the  liquid refuse of several large woollen and  carpet manu- 
factories, tanneries, paper  mills, and  marble works. W:hy were- 
these facts ignored, and only the water-closets spoken of, which 
afforded no criterion of the  strength ? From  particulars supplied 
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by Mr. Banks1 on the  17th of December, 1874, it appeared that, 
although  the  Author  had gone out of his  way to  show that  the 
quantity of land used for Intermittent  Filtration  had been under- 
stated  when declared to be 5 acres, the  actual  quantity was really 
only 4 acres 2 roods 25 poles. Mr. Banks  added, ‘‘ We had a good 
sale of our crop considering what it was. We made 591, equal to 
about 517  per acre.” This  return  was obtained within a  period 
of six months, under  all  the disadvantages attending a  first crop 
sown late  in  the year. It was remarkable  that  in 1875 the sum of 
$100 had been obtained from the same 5 acres of land.  The  argu- 
ments founded by  the  Author on his assumptions became utterly 
untenable, if  the  facts were as  had been shown, and could be 
proved at  any time. He need hardly add, that  as he recommended 

l Population of Kendal--13,500. 
Water supply-400,000 gallons per  twenty-four hours. 
Quantity of sewage diluted  with subsoil waters, but  irrespective of surface 

waters,  delivered to and  distributed over the filtration  areas daily. 
(A) Maximum--1,800,000 gallons per twenty-four hours. 
(B) Minimum- 750,000 7, 7. 

(C) Average - 975,000 ,, ,, 
N.B.-The maximum  quantity  here  stated does not  represent the maximum 

of our sewage, but  only  the  greatest  quantity  deliveredon  the  inigated  land, 
our  outlet sewer below the  storm orerflow being capable of carrying  only 
1,800,000 gallons per twenty-four hours. Our maximum flow in  winter  is 
upwards of 5,000,000 gallons per diem, iths of which  are subsoil and  surface 
water. 

Quantity of land  to which  these  quantities of sewage and subsoil water have 

The total  area,  including  paths  and carriers, devoted to the filtration  beds 
is 58 acres ; but  the  area  to which the sewage is  actuallyapplied is 4a. 2r. 25p., 
divided into  four  ranges of beds, three only of which, containing Sa. 2r. Op., 
being used each twenty-four hours, the sewage running  eight  hours on to 
each in succession, and the remaining  fourth being used alternately with the 
others  as a reserve, and for change  whilst  working the crop. 

been applied. 

Effluent water from under  drains of filtration areas- 
(A) Quantity.-In ordinary weather, when the river is at  a medium 

level, the outflow from the  under  drains  averages  one-third of the  quantity 
of sewage delivered on the  land,  the  remaining  two-thirds  being lost in  the 
gravel. When the  river is very low, the whole OP the sewage disappears in 
the gravel subsoil, and no effluent runs out into  the river. 

(B) Quality.-The effluent water from the  areas is perfectly colourless and 
sweet;  in fact, with the exception of a slightly brackish taste,  is good, 
potable water, which I have  drunk mauy a time. 

(Signed) JOHN BANES, 
Xendal, Dec. 17, 1874. Borough Surveyor. 
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the Corporation of Kendal to  prepare 15 acres  instead of 5 acres, he 
was  not satisfied with,  though astonished, at  the results. The 
,charge on the ratepayers, however did  not exceed lgd. in  the S 
for the disposal of the sewage alone. 

The evidence afforded a t  Merthyr  Tydril  and  at  Kendal con- 
dusively proved that  where  suitable  land  was properly  prepared, 
.and properly used for Intermittent  Filtration, it was difficult to 
make the  charge upon the  ratepayers of any place where it was 
.adopted exceed 2d. in  the 5. This  fact was worth all the special 
pleading  that could be brought  to bear upon the subject. A letter 

. received from Baron von Liebig just before his  death was SO con- 
.elusively in favour of Intermittent  Filtration,  as a means of dis- 
posing of trade  liquid refuse, that no excuse was needed for giving 
.it verbatim :- 

SIR, 
Receive my best thanks for your letter of the  3rd instzrnt, and for the 

paper ou “Intermittent  Filtration  through  Natural Soil.? I have read this  with 
great pleasure and  real satisfaction. You have  utilised  in  the most effective way 
for the service of populations, the  natural l av  which I laid down in my book, the 
.‘‘ Natural Laws of Husbandry,” pp. 113 a,nd 114. Your plan for the purification of 
liquid sewage and  the removal of its  injurious qualities, as well as the  technical 
.execution of the  plan,  and  the use of’ sewage as manure, are  alike  escellent, and 
I only wish that use may be made of it in other places. I n  Silesia for some years 
past the best use has been made of your principles, in the Beet-root Sugar Manu- 
factory of Herr von Rath. In  the neighbourhood where this manufactory is 
.situ.,ted  there is a want of spring water and of water generally,  and  this  want 
has called forth  the following arrangement.  All  water  that  has been used in the 
manufactory, and  generally  all waste or foul liquids,  are discharged on to  a well- 

,drained piece of land close at hand, and tile filtered efiluent water is collected in 
a well. I t  is  pnrc  and clear, and it is again raised by a pump and used in  the 
manufactory as fresh water. Enormous crops of grass  are  obtained from the 
;piece of land which serves for filtration. 

Believe me, yours truly, 
J. v. LIEBIG. 

In  the  last section of the  Paper  the  Author asserted, without proof 
in  support of the assertion,  that‘ no reasonable  apprehension of the 
.silting  up of tidal channels need be felt from the outflow of sew- 
-age.  He begged to  state,  as  the  result of many years’ observation, 
that  his conclusion was  the revelse of that to which the  Author 
had  arrived.  He  was satisfied that  the discharge of the sewage 
of the metropolis with  all its solid ingredients  into  the Thames, 
at the  entrance  to  the  port of London, was at  this moment slowly, 
but not less surely,  silting  up  the  river;  and  though  years  might 
elapse before dredging failed t o  recover a  free passage, it was 
.quite  certain  that  the  admirable works of Sir Joseph Bazalget,t.e 
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for  the sewerage of the metropolis would sooner or  later suffer 
detraction on that account. 

Dr. FRANKLAND said  he  should confine himself chiefly to those 
points of the  Paper which dealt  with 6he chemical aspect of t h e  
subject. The  Paper contained  a clear and condensed summary o f  
sewage processes, embracing a wide range,  and  dealing  with a large 
amount of original  investigation. It would be a matter of regret 
if  this  really  valuable  summary were allowed to be in  any way 
marred  by inaccuracies that  might have crept in  during its compi- 
lation,  and  he  trusted  that  he would be  pardoned  if  he frankly 
pointed out some inaccuracies  which, in  his opinion, it contained. 
The chemical processes, hitherto applied to  the purification of 
sewage, were so well known  that it was scarcely worth while to, 
disc~~ss them  in  detail,  and  he would only remark  that  they de- 
pended essentially upon the production of certain solid compounds 
within  the body of the sewage, which solid compounds carried down 
with  them  the suspended matter of the sewage, and a certain  small 
proportion, varying  with  the  quantity of the solid so deposited, of 
the  polluting  matters in solution. The  principal solid matters 
thus produced within  the body of the sewage  were  carbonate of 
lime, alumina, oxide of iron,  and carbonate of magnesia. There 
was also the phosphate of alumina,  which, however, did not differ 
in  its character from the  other  materials. These chemicals were 
nearly  identical  with  the chief constituents of the  earth's surface, 
and consequently the scwage was  practically exposed to a small 
quantity of earth.  This exposure removed a small proport,ion of' 
the soluble polluting  constituents from the sewage. It had, how- 
ever, been shown over and over again  that  the soluble constituents 
of sewage  constituted about six-sevenths of the  total  polluting 
matter  present  in  the sewage, and  tho problem was  to  renlcrc 
the  greater  part, if not  the whole, of the soluble polluting mate- 
rials.  This  artificial production of the most abundant  constituents 
of the  earth  within  the sewage itself gave a correct view of the 
hopeless competition in which  chemical processes were engaged. 
Of all these processes, perhaps  that  brought forward by  the  Native 
Guano Company had reduced the problem to its simplest pro- 
portions. In  that  process a comparatively large  quantity of clay 
was applied to  the sewage. The process consisted essentially 
of adding  alum, blood, and  clay  to  the sewage. The blood might, 
he  thought, be regarded as t.he non-essential  ingredient. It 
was added in such small  quantities  that it might be termed a 
colourable pretext. A large  quantity of clay bei.ng put  into  the 
sewage, the  inventor  afterwards  went  through  the farce of adding 
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t o  it a little more clay produced by  the  precipitation of alum  by 
the carbonate of ammonia in sewage. The  precipitate  was  alnmina, 
which was substantially  the same material  as clay. This method, 
which was, he believed, thought  by some to have been suggested 
by Moses, certainly  went  just  in  the opposite direction to  that 
which Moses recommended. Moses recommended that  the sewage 
should go to  the  earth or soil, not that  the soil  should be brought  to 
the sewage. These chemical processes had been a  failure, so far  as 
the  extraction of the soluble polluting  materials were concerned, 
and also so far as the production of a  marketable  manure  was con- 
cerned.  There was, however, one method, that proposed by 
General Scott,  which certainly did not  fall foul of the  latter 
stricture.  General  Scott did not propose to  obtain a  saleable 
manure, but a  valuable cement. The  quality of the cement 
:so made was rather a  question for engineers  than chemists, but 
General Scott frankly  stated  that  he  did not profess to remove 
such a  proportion of the soluble constituents of the sewage as  to 
render  the sewage inoffensive. !Fhe various  inventors  and experi- 
menters were, however, deserving of much more credit  than  the 
Author  had given them, when :he wrote, '' The Sewage Question 
has  not made much progress, so far as  discovery and  invention 
are concerned, during  the Iast quarter of a century,  nor does there 
seem to be much prospect of any new or startling  light being 
thrown upon it in  the  future" (ur~te, p. 105). That was rather  hard, 
.and a little ungenerous  towards those who had  earnestly devoted 
their  attention  to  the purification of sewage by chemical processes. 
Although  there  was a  tendency to  slight negative results in 
science, which showed how a thing could not be done, such results 
were  really a substantial advance in knowledge. They  arrested 
attention from that  particular mode of dealing  with  the subject, 
and concentrated the energies of future  investigators upon other 
methods. The men who had worked out these chemical processes 
had done even more than  this, for, taking  their efforts in connec- 
tion  with  what  had been done in other directions, they  had finally 
reduced the sewage  question to one of extreme simplicity. The 
simple question now was, Shall  the soil be brought  to  the sewage, 
or shall  the sewage be taken  to  the soil ? This was obviously a 
question for engineers, and  he ].eft it with perfect confidence in 
their hands. 

The  Author  next proceeded to consider the application of 
sewage to  land. In treating  this  part of the subject  he would 
.assume that  the answer to  the question he  had  just  stated would 
be, Take  the sewage to  the land. If  this were so, there were 
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still two modes of dealing  with it when it was  taken there- 
first, Irrigation ; and, secondly, Intermittent  Filtration. T h e  
chemical  action of both these processes had been clearly demon- 
strated  to  be one and  the same. They were the  real chemical 
processes. The  other so-called chemical processes were  only in- 
directly so; they merely produced, by chemical means, a certain 
solid matter  in  the sewage, which  afterwards acted  mechanically 
upon that sewage. Irrigation  and  intermittent  filtration  acted 
in  two  ways upon sewage. They  first removed the soluble filth 
by surface attraction.  This also was the action of the  precipitated 
materials  within  the sewage, though  the  quantity  thus  brought 
into contact with  the sewage  was so small  that only a small pro- 
port,ion of the soluble polluting  constituents could be thereby re- 
moved ; but  in  irrigation  and  intermittent  filtration,  when properly 
conducted, there  was a true chemical process supervening upon the 
mechanical one of surface attraction.  The second  process was the 
oxidation and  destruction of the  filth removed by surface attraction, 
by  the  absorption of atmospheric air  into  the pores of the soil, and 
the  transformation of the  polluting  matter  into non-polluting, but 
still  fertilising  ingredients. Upon these ingredients so produced, 
and  probably on  these alone, the vegetables grown upon irrigated 
fields flourished. They were  incapable of assimilating, at all  events 
more than a trace of, organic  matter : they required the  organic 
matter  to  be' first transformed into  mineral  or  inorganic  matter 
before they conld make use of it. The  Author had pointed out 
that,  in  the effluent water  at  the  Barking  farm, no less than 70, 
per cent. of the  total  fertilising  constituents  present  in t,he 
sewage ran  away. Mr. Bazalgette was quite justified in  drawing 
that conclusion from the analyses he  had before him. It was, 
however, rather  an  extreme case. If the corresponding results 
obtained from other  irrigation  farms were taken  into consideration, 
the conclusion would, he  thought, be arrived  at,  that probably 
about  one-third was the  average of the  fertilising  material  which 
was wasted in  the effluent. But  then  the  Author  went on to con- 
tend,  that probably the  greater  part of the remainder, after 70 per 
cent. of the  Barking soil had been wasted,  was lost  by evaporation 
into  the atmosphere. Carbonate of ammonia, it was  true, was very 
volatile, and it was  quite  within  the bounds of possibility that 
it might volatilise and be  dissipated in  the  air;  but as a matter 
of fact,  the carbona.te of ammonia did  not volatilise under  these 
circumstances. If Mr. Bazalgette  referred to page 93 of the 
First  Report of the  Rivers Commission, 1868, he would find there 
a number of experiments showing  that solution of carbonate of 
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ammonia of about  the same strength  as sewage, exposed for  days. 
even to a rapid  current of air,  lost  apparently  but a small 
quantity of the carbonate of ammonia;  and  he believed every 
chemist would allow, that  the solution of carbonate of ammonia 
absorbed in  the soil would lose nothing. The soil had  the pro- 
perty of imprisoning  within its pores large  quantities of car- 
bonate of ammonia. Guided by  this supposition, the Author was 
led to believe t,hat  pure water-using the word in  the  ordinary 
sense of unpolluted water-would answer quite as well for irriga- 
tion  as sewage. Chemistry a t  once gave a negative answer to. 
such  a  supposition. The  water did not  contain  the  ingredients 
which could produce the crops derived from soils irrigated  with 
sewage, and he had  little  doubt  that  agriculturists would say 
that no such crops as  those  grown  by Mr. Hope a t  Romford, 
or on the  Barking farm and  other sewage  farms, could be obtained 
by mere irrigation  with  ordinary  river water. He  thought it 
would be found, on investigation, that   in those cases where there 
had been really good results  by  irrigation  with ordinary water, 
the  water contained  a large proportion of nitrates  in solution. 
He knew this  to be the case in  many  irrigation fields in  the Glou- 
cester valley ; while  waters from mountain sources, which  were 
quite devoid of these  nitrates, produced little  or no  effect,  except 
in  dry seasons, when of course the application of water  to  land 
was  always  attended  with advantage. As regarded the  quantity 
of sewage necessary t o  fertilise  an acre of land,  he would merely 
make  a remark  in passing. So far  as  his experience had gone, 
be  had come to  the conclusion that  about 50 persons per acre  were 
quite sufficient. He  was  quite  willing  to  admit  that  this  number 
might  vary somewhat in different localities, different soils, and 
different climates;  but he  was speaking of the  English climate. 
The  Author  stated  that  at  Bury  this  quantity was enormously ex- 
ceeded, namely, to  the  extent of 577 persons per acre ; and  in con- 
nection with  that,  he remarked that  there  was absolutely uo effluent. 
Probably  he only  meant that  there  was  no  apparent effluent, be- 
cause it was inconceivable that  all  the  liquid could evaporate from 
the sewage. The soil  was an exceedingly porous bank of gravel, 
which rapidly absorbed the  moterial  thrown upon it,  and no doubt 
purified it very completely. 

He now came to  the second  process, by which the sewage could 
be treated  when  brought  to  the  land, namely, Intermittent Fil- 
tration,  or  Intermittent Downward Filtration,  as it was some- 
times termed. This process the  Author spoke of rather con- 
temptuously, and laboured hard  to prove, first, that it was not 
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new ; secondly, that it was not  true ; thirdly,  that it never had, and 
never could have, any existence; and  then, somewhat inconse- 
quently, concluded by recommending its adoption. It was  not 
for him to attempt  to  prove  that  the application of the sewage 
.of even 1,000 persons-not to speak of 3,000-to the acre was 
a discovery. It certainly lacked the  stamp of a patent,  and 
the promotion of a limited  liability  company;  but  the  Author 
seemed to  entertain some singular ideas with  regard  to  what 

.constituted a discovery. He seemed to  intimate  that  to  imitate 
nature-to control, modify, and  intensify  natural operations- 
was  not  to  invent  or discover. Most people, however, would 
admit  that  the  man who first artificially made common alum 
.in  imitation of the Roman alum,  which  was naturally made in 
a volcanic district,  was a real  inventor,  or  something  nearly 
.approaching to it; and  although  the process of Mr. Gossage of 
Widnes, by  which common salt was decomposed in  the presence 

.of  steam a t  a high  temperature,  was  really an imitation of a 
natural operation,  a patent  had been granted for it,  and  he  had 
never  yet  heard  the  invention questioned. There were hundreds 
.of illustrations of the same kind,  but  he would only  allude to 
one more, namely, the  imitation of the  natural operation of pro- 
ducing paraffin and paraffin oil, discovered by Reichenbach and 
Young. Both those men were really discoverers, in  placing 
within  the reach of man methods for producing  such useful ma- 
terials  by a process independent of natural operations. This, how- 
ever, was a point  he  did  not  intend  to discuss. All he would say 
was  that  the idea was  new  to him. The question  now was, Would 
Intermittent  Filtration perform the purification that had been 
asserted of' i t?  He would first of all  allude briefly to  the 
laboratory  experiments  which  had been criticised. Two pre- 
liminary  experiments were made in glass tubes 16 feet long  and 
2 inches  in diameter.  These showed, as  the  result of numerous 
analyses, that  5 6 gallons of London sewage could be perfectly puri- 
fied by a cubic yard of the  sand  which was put  into  the tubes-a 
mixture of sand and  chalk  in one, and  pure  quartz  sand  in  the  other 
-and that 11 - 2  gallons  were rather  imperfectly purified. Those 
were experiments on too small a scale, and  ought  to be put aside, 
although  the  results were by no means unsatisfactory. The  other 
experiments were made in glass cylinders prepared  for the purpoae, 
6 feet  long  and l foot in  diameter.  These  were filled with porous 
soils, and one with peat. The experiment  with  peat was, of course, 
made  solely in  the  interest of science, not  with  any expectation 
.that it would succeed. Peat  was not a material  that  any one 
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would select a.s a  fdtering  material  for sewage ; but  as  there was 
a  great  deal of peat in  the country, it was  important to  ascertain 
whether it would do anything  in  this direction,  and it purified 
4 gallons of sewage  per  cubic yard,  and promised to do more in 
future, for it began  badly,  and  went on better  and  better  to  the 
end of the experiment.  He  did  not, however, regard that as  a 
fair specimen of what could  be  clone by  intermittent  fdtration,  and 
therefore that cylinder  ought  to be disregarded in ascertaining 
what could be done in laboratory  experiments  by  intermittent 
filtration.  The same was the case with  the second cylinder,  which 
contained  soil  from the  Barking  farm.  That  soil was of such a 
character that when put  into  the  cylinder it became almost 
impervious  to sewage. From its being of a somewEat gela- 
tinous  consistency, it afforded but  a slow  passage  for the sewage, 
and  really  aid  not  purify at  all. It was an  utter  and complete 
failure,  and  was  described  as  such in  the Report of the  Rivers 
Commission. There were then  three  kinds of soil left.  That 
brought  from  Dursley in Gloucestershire  purified most satisfactorily 
9 9 gallons of sewage  per  cubic yard of soil, and  purified  almost 
satisfactorily 12 *4 gallons. The  Author  had  taken no note of the 
1 2 . 4  gallons,  and objected that  the Rivers Commissioners took 10 
as the  purifying power of that soil instead of 9 * 9. It was only fair 
to  the Dursley  soil to take  the mean of these  two  results, because 
the  standards of the Rivers  Pollution Commissioners were  only 
infringed at  the higher  rate  to B slight  extent  during  three 
months. He therefore proposed to  take  the mean of these  two, 
namely, 11 - 1  gallons. This  gave 3,737 persons to  an acre of 
land  when  the  drainage was 6 feet deep. The  Beddington soil 
purified with  the  greatest  readiness 7 -  6 gallons of sewage  per 
cubic yard of soil. It also  purified 1 5 . 2  gallons, a  quantity which 
was gradually reduced to  7 * 6, but so long  as it was continued 15 2 
gallons  were  thoroughly  and  completely  purified,  although  there 
were  indications that it could not keep up  this  high  rate.  The 
Author, however, never  mentioned the 15.2. Here  again i t  was 
only  fair  to  take  the mean of the  two  numbers,  and that would give 
11 -4 gallons  per  cubic  yard.  This  was  equivalent  to 3,838 persons 
per  acre of land  drained 6 feet deep. The Hambrook soil, which 
was  inferior  to the others,  purified most efficiently 6 2 gallons  per 
cubic yard  in  twenty-four  hours,  equivalent to  2,087 persons per 
acre. Taking  the mean of these  results, 9 * 6 gallons of sewage 
were  purified in twenty-four  hours  by B cubic yard of soil, or the 
.sewage of 3,220 per  acre. At 15.2  gallons  the purification effected 
by the Beddington soil was three  times as good as it need  be ; the 
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effluent water wa.s three  times  as good as  that prescribed by  thc 
standards of the  Rivers Commission. The effluent from the  Dursley 
soil at 9 - 9  gallons  was  twice  as  good;  and a t  12.4 gallons it was 
but  slightly above the  standard.  The effluent from the Hambrook 
soil might  have been 40 per cent. worse, and still not  have 
infringed  the  standards.  The maximum of what  was done in 
the  laboratory,  as  given  by  the  Rivers  Pollution Commissioners, 
was the purification of the sewage of 3,330 persons per acre, 
while  the maximum of these  experiments  was 3,838 persons per 
acre. 

He would next  turn  to  the  practical  results  at  Merthyr  Tydvil. 
The  Author  had  stated  that  the  Rivers  Pollution Commissioners 
in  their  Report  had placed it on record that  the sewage of 50,000 
people was cleansed on the  filter beds a t  Merthyr  Tydvil upon 
20 acres of soil. He said, “ It stands upon  record that   a t  Merthyr 
the sewage of a population of 50,000 has been satisfactorily 
purified upon 20 acres of land, or in the proportion of 2,500 
persons to  an  acre” ( d e ,  p. 131). That record existed entirely in 
Mr. Bazalgette’s imagination.  There was no such statement in  the 
Report,  and on the  very page from which the  Author  had quoted 
there  was  the following  sentence :-“ 20 acres of a porous soil, drained 
from 5 feet  to 7 feet deep, have been arranged  by Mr. J. Bailey 
Denton, C.E., in  four series of beds, and over each series in sncces- 
sion  the  drainage  water from a town of 50,000 inhabitants, more 
than  one-third of  whom are connected with  the sewers, is poured 
for six  hours a t  a time;”  the evidence given before them  having 
been that  out of ten  thousand houses three thousand five hundrecl 
were connected with  the sewers. Mr. Harpur,  the engineer, gave 
evidence that  the discharge  down the  grids,  and  the overflow of 
cesspools, would amount  to one-third more. Had  the  Author  given 
a fair quotation of what was really  intended in  the Report,  much 
invective  against  the  Rivers  Pollution Commissioners might  have 
been saved,  for he had gratuitously  put  into  the  mouths of the 
Commissioners a statement  which  he  afterwards proceeded at 
leisure, and  with some amount of zest, to demolish. What did the 
Merthyr  filter  beds  really teach ? In the first place, they  taught 
that  the application of the sewage of more than 1,000 persons per 
acre  was consistent with  the  cultivation of crops upon land, and 
with  superabundant purification of the effluent water ; and, 
secondly, that  the sewage of a  much larger  number of persons 
could be  effectually  purified upon an  acre of land, if the  growth 
of crops  were given up. The  Author  had  tried  to make out that  
there  was a strain upon these  filters  when the sewage of 1,200 
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persons per  acre was being drained upon them. How  far  that was 
the case might be judged from the  results of the analyses of the 
effluent water,  extending over four years. Be could only state 
generally  that  the effluent water analysed on the  19th of June, 
1871, when the 1,200 people per acre were put upon the 20 acres, 
was seven times  as  pure  as it needed to be ; and on the 21st of 
October, 1871, when the  number  put upon the 20 acres had been 
reduced to 500 people per acre, the purification was fifteen times 
&S good as it need have been. There was  a discrepancy between 
this  statement  and  the Author’s. The  Author quoted quite cor- 
rectly from the Report, but  if  he  had been on the qui vive for facts 
against  his  attack,  he would have seen that those  figures  were 
corrected in  a  subsequent  Report in  1874. The numbers that  hc 
did give showed a purification five times  as  great  as necessary, 
but  the  other  analyses  given side by  side  with it showed almost 
on the face of them  that  that  must be an error. These  two 
analyses  were of samples taken  at  the  beginning and the  end of 
the  operation,  and  the  numbers quoted by  the  Author were the 
results of an analysis of an  average sample taken  during  the 
whole  time. The average  was twice as  much as  the means, and  that 
being improbable, the  Author  ought  to  have  investigated  the  matter 
a little  further.  The real numbers obtained on analysis showed a 
purification fifteen times in excess of that  which was needed. In 
July 1872 the purification  was eleven times  greater  than necessary ; 
on the  17th of October, 1872, it was thirteen  times  greater ; and on . 
the  13th of February, 1875, it was  actually  thirty  times  greater, 
the people per  acre having  then been reduced to 250. a t  this  latter 
date  the effluent was  actually  purer  than  the subsoil water,  and  he 
therefore did  not make the reduction  which he otherwise might 
have done for the  dilution of the subsoil  water. The subsoil water 
was  never  practically  any  better  than  the effluent water,  and when 
only 250 people were discharging  their sewage per acre, i t  was 
actually much worse. If,  then,  the  effluent was  fifteen  times purer 
than necessary with 500 people to  the acre, and seven times  purer 
with more than 1,000 people to  the acre, would it be a mon- 
strous assumption if it were to be supposed that  with 2,000 people 
to  the acre it would be three  and a half  times  purer  than neces- 
sary,  and  with 4,000 people to  the acre one and  three-quarter 
times  purer  than necessary ? He  did  not make the assumption ; 
he merely  asked the question. One point was insisted upon 
rather  strongly in the  Paper  with  regard  to  the  advantages of 
Merthyr  as a place to  carry  out  this process of intermittent 
filtration. It was said  that  the subsoil water  there  was ad- 
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vantageous in  diluting  the sewage. If  the purification  were 
imperfect, no  doubt it would be;  but  in  reality  he believed 
the subsoil water  was  rather a disadvantage  than otherwise, be- 
cause it contained a considerable quantity of carbonate of iron. 
It was a reducing  water,  just  reversing  the  action of t he   a t e r ,  
which  was  essentially  an  oxidising one ; and so far  as it operated 
at all, it rather  interfered  with  the efficiency of the filters. The 
Author  had  tried  to make out  that  the sewage of 500 persons per 
acre on the  Merthyr beds  was the  limit of safety ; and he adduced 
the evidence of the  Resident  Engineer, Mr. Harpur,  in  support; 
but Mr. Harpur,  when  he  gave  his evidence, was looking  to  the 
crop, and  not to the effluent water. He was considering what 
would be the  utmost  amount of sewage that could be  applied with 
safety  to  the crops, and he thought  the sewage of more than 500 
people to  the acre would not be desirable. In his evidence, in 
October 1872, before the  Rivers Pollut.ion Commission (Fifth Re- 
port, vol. ii. Evidence, p. 163) he  was asked :-" Q. What do you 
suppose to be the population draining  out of your exit-what 
number of people ?-A. The  number of people directly connected 
with  the sewers is about 20,000, but  they  are  increasing now, and 
we  are  just  extending  the drains. Q. As regards  the drainage from 
the  other 30,000 or 40,000, what proportion of their drainage, under 
this unconnected  system of sewerage, also finds its  way  into  the 
exit ?-A. As  far  as  the  bulk or quantity of drainage goes, I believe 
it will  be found, when  the  drains  are connected, that  the increase 
will be  comparatively slight. . . . . Q. What proportion of the per- 
sonal waste of this unconnected population a t  present finds its 
way  into  the sewers do you suppose; I mean of the excrementi- 
tious matters?-A. I dare  say a thirdiof the excrementitious matters 
of the population not connected directly  with  the drains, gets  into 
the sewers. . . . . Q. The excrementitious matter from 30,000 
people?-A.  Yes. Q. Do you agree with Mr. Bailey Denton  in 
supposing  that  the  filtration works below Troed-y-rhiew are incap- 
able of dealing  with more than one third of additional  inhabitants ? 
-A. I do not  agree  with  that. I do not  think  that Mr. Bailey Denton 
puts it as a matter of course, but  he merely  gives that to keep him- 
self within safe limits. &. How much additional waste do you 
think  the whole of that  land is capable of defecating ?-A. I do not 
think we can suppose that  the 20 acres and  the 50 acres are capable of 
taking more than  they  are  taking now. I think  that  they  are suf- 
ficiently sewaged. Q. YOU mean sufficiently in  the  interest of the 
crops upon  them ? A. Yes. . . . . Q. Did you notice  when thewhole 
of the sewage  was being passed on to  the 20 acres, any  tendency for 
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the  land  to choke up ?-A. No. . . . . Q. Such  filters had not in 
fact been previously  constructed ?-A. Not anywhere ; the idea was 
perfectly new. Q. You have  said  that you thought  the 20 acres 
would not cleanse much more than  the  quantity you put upon it 
as a  maximum ; on what grounds do you say  that ?-A. I say that 
under  the present arrangement it might be so, because if we put 
much more on than we are now  using, we should damage the vege- 
tation  instead of improving it. Q. But suppose you decided upon 
sacrificing the vegetation what would your opinion then be ?- 
A. Then I think  that we might cleanse the whole of the sewage of 
the town. Q. I think you have  stated  that you had  not noticed 
any  sign of the  land being overdosed ?-A. No, not so far  as  the 
cleansing is concerned. I have  had  trial holes dug practically to 
ascertain  if there were any traces of sewage getting  into  the land 
without  injuring  the soil, but,  we cannot find any such traces. 
Q. Do you find anywherb a t  a considerable distance from the 
surface any tendency to  turn black ?-A. None.” 

The fact of the  matter was, that,  in  testing  the practice of inter- 
mittent filtration, the  Merthyr filters had been sacrificed to crops. 
Intermittent  filtration  had not been tested to its maximum  there. 
It was like employing  a 50-HP. steam engine  to do the work 
of ten or twenty horses ; nor could it be wondered at  that  that 
Should have been the case, for Mr. Harpur mentioned, in  answer 
to Question 5861, that  the crops of these 20 acres were worth be- 
tween S800 and S900 per annum. The Local Board of Merthyr 
would not be justified in sacrificing the money of the  ratepayers 
merely to decide this question for other communities. These filters, 
then,  had  actually produced crops worth more than 540 an acre, and 
they  yere capable of purifying a  much larger  amount of sewage 
than  had ever been applied to them. 

The scheme proposed by Mr. Hawksley  and Mr. Hope for dealing 
with  the sewage of Birmingham was, in  his opinion, as  near per- 
fection as possible. He believed that local boards and corporations 
would never be successful farmers. Until  the  farmer took the sew- 
age, either  gratis or a t  a  low rate, no profit would ever be made out of 
the sewage ; and it ought  to be  a distinctive  feature of every  sewage 
scheme, that provision was made along the conduit for the  supply 
of the sewage to the farmers  when they  eventually opened their 
eyes to  the value of this  fertilizing material. That was the scheme 
proposed for Birmingham,  and it was supplemented by  intermit- 
tent filtration,  which would haye  dealt  with  the sewage  when the 
farmer did not care  to take  it.  There  ought  always  to be an 
arrangement  that  the sewage should not be forced upon the farmer, 
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but could  be  purified by  intermittent  filtration,  the  farmer  having 
it when  he  wanted it. 

As to seaboard  towns,  he in a' great measure  concurred in  what 
the Author  had  said. No extensive  outfall  works  were  necessary 
for the disposal of the sewage of such  towns ; but  he would urge 
upon  engineers  not  to  take the sewage of inland  towns  to the sea. 
Posterity would  never thank  them for  work of that  kind,  ignoring 
the means  which science had placed at  their disposal €or the  treat- 
ment of sewage inland,  and  utterly  throwing  away  its  valuable 
fertilising  ingredients. I f  such  a  course  were  adopted,  he  believed 
the  verdict of posterity would  be  wholly  against it. 

Mr. SILLAR said it was the fashion,  when  any  particular proccss 
was advocated on the  subject of sewage treatment, to commence 
i ts  advocacy by a wholesale  denunciation of all  other  ideas or 
processes that could interfere  with  it.  This  had  the effect of 
diverting  the  mind from the  real  points of the case. He was 
sorry  that  the  remarks  had  not been confined to  an  absolute con- 
demnation of the processes in question.  With some of those 
remarks  he  felt  personally  aggrieved.  Scientific  men  had  in- 
vestigated  closely the action of the blood in  the process he  had 
advocated,  and when  gentlemen  volunteered  to  say that he or any 
other  person had  brought it forward  as  a colourable  pretext, it 
was beyond the province of legitimate  debate.  The  Paper  pro- 
fessed t o  be an advocacy of the plan of throwing  sewage  into thc 
sea. He considered that was a great  waste,  and  would  only be 
justified if it were  really  true  that  there was no better  way of 
disposing of it. He did  not  intend  to  say  a word against  the pro- 
cesses of intermittent downward  filtration or irrigation.  Certainly 
the  land was the proper  recipient for those  matters  which  were 
polluting  elements in  the water  and  fertilising  elements  in  the 
land,  and  wherever  the  land could be had  in sufficient quantity 
and  quality,  the process of' intermittent downward filtration would 
do the work.  or the  water  might be taken  to  the  land.  But  therc 
were many occasions where that was not the case. There was a 
broad  distinction  between  utilising sewage for fertilising  land,  and 
utilising  a  portion,  and  that  perhaps  a  very  small  portion, of land 
for  disposing of t.he sewage. The  Paper  first of all  sought  to 
sweep away  the whole  idea of precipitation processes, in favour of 
which  he  desired  to  say  a  word.  Dr.  Frankland  had  stated  that 
the  irrigation of sewage  was a chemical  question,  and no one would 
disagree  with him. The dissolved  impurities of sewage  were not 
t o  be  removed by  mechanical  filtration, but by  filtration  through 
land:  therefore it was  evident that  the earth itself  acted as a 
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chemical agent  in absorbing  those  dissolved  impurities.  Was it 
unreasonable t o  suppose that if,  instead of taking  the sewage to  the 
earth,  the  earth were  taken to the sewage and mixed with it until 
it became turbid, and then precipitated, it would exercise the same 
ehemical  action,  and that when it was  precipitated  by  alum  or 
other substances, it would take down some of those  impurities ? 
He  knew by  practice that it did so, and  why scientific  men  insisted 
that it did  not passed his comprehension. He had  steadily observed 
the action of the  three elements  used  for  purifying  sewage,  char- 
coal, earth,  and blood. He had  never  heard any one deny that 
*each had  a great power of purification. With  regard  to  the  water 
which came from it, if it were no better than  raw sewage, if  the 
deposit  was of no value  whatever, one might safely talk of 
throwing it away;  but he  absolutely  denied the proposition. 
Chemists of equal  eminence with Dr. Frankland had  asserted that 
the water  was  greatly purified. He did  not  use the word in  its 
strict sense, as meaning  without  any  impurity,  but it was so 
greatly purified as to  be admissible into  running water. At Leeds, 
after  purifying  the  water  in  that way  for three years, one gentle- 
man was so impressed with  the idea that had been  propounded- 
that  the  water was little  better  than  raw sewage-that  he  had 
asked  for  and  obtained  permission  to try  an experiment. The 
sewage was put  through a tank  untreated,  and  the  result was that 
in  a week’s trial  the best  man  was  lost, having died at  the  tank 
side.  He  had placed upon the  table  a  bottle of water  purified at  
Aylesbury,  containing fish still  as  lively  as ever, that had been 
taken  out of the sewage tank,  and had  remained in  the sewage 
water for  two  months. I f  it were  said that such  fish could 
live  in sewage,  he  had  something to  learn on the subject. With 
regard  to the deposit, the  earth  and charcoal  plus the  water as 
kaken  out of the sewage, put upon the ground  and  properly  dried, 
came  out  in  the condition  shown in  the specimen. It had been 
dried  by simple  :exposure to the atmosphere, and  not  in  any 
artificial way. If it was  only inert  matter, simple earth,  what 
possible harm could it do if it were put down  even to such an 
extent  as to  raise the level of the  island ? It would be only  adding 
so much more garden mould to  it. He maintained that it had 
a high  fertilising power. It had been given to  scientific men, 
and  to practical  farmers. He had sold upwards of 4,000 tons of 
it, and  three  volumes of certificates had been  published  upon its 
uanurial value. There was  a  wide difference between  manurial 
value  and chemical  valuation.  He  protested  against  the  term 
+‘chemical value.” The product to which  he had referred  had 
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been put  into  the  hands of an eminent scientific man,  Prof. Crookes, 
who  stated,  in a letter  dated December 1872, “Before I consented 
to become scientific adviser to  the  Native Guano Company, I stipu- 
lated that I should satisfy myself as  to the alleged agricultural 
value of the manure, by personal inquiry amongst the  farmers 
who  had  tried it. I devoted some time  to  this  inquiry.  With 
scarcely an exception, the farmers (of whom I saw twenty  or  thirty) 
were  unanimous in  their  approval of ‘ native guano ’ ; many of 
them  shrewd,  intelligent men,  well  acquainted with  the various 
artificial  manures  in  the  market ; they  had  tried ‘ native  guano ’ 
with intelligence in different fields against  other manures, and I 
was assured that-putting  equal values per acre-it was superior 
to most manures in  the  market. Moreover, an examination of the 
books of the Company showed me that  the good opinions of th,c 
agriculturists were  genuine,  inasmuch as a man who, the  first year, 
would grudgingly  take one ton  as an experiment, the  next year 
took 10 tons, and  the  third  year would  increase his order to 20,50, 
and even 100 tons, grumbling  that  the  limited  supply prevented 
him  having  all  he wanted. The  two  or  three cases in  which 
the opinions as  to  the  manurial value of ‘native guano ’ werc 
adverse I fully  inquired  into ; they were  easily  explained by local 
circumstances, excessive drought, or unskilful employment. I dis- 
covered nothing  which could be fairly placed in  opposition to  the 
good accounts I had received in  other  quarters,  and I returned 
from my  tour  with  the conviction that  Chemistry was exceeding 
her  legitimate inferences when she assigned inferior  manurial 
value to  the  ‘native  guano ’ upon a mere estimation of its con- 
tained  nitrogen  and phosphorus.” He protested, in  the name 
of science and common sense, against chemical valuations  being 
made to supersede certificates from the  highest authorities. After 
all,  the  highest  authority was the  earth itself. The  manure  to 
which  he  had  alluded  was made a t  Crossness, under  the super- 
vision of the Metropolitan  Board of Works; it was jealously 
guarded, and  put  into a  warehouse under a Chubb’s lock, and 
permission was even refused to  put a little  salt  into  the  ground  to 
kill  the wire-worm. The  result, however, was  that 10 cwt.  to  an 
acre doubled the crop upon the sourest land  in  the  country;  but 
r,he Netropolitan Board of Works had been silent upon the point. 
Certificates had been received as  to  the  value of the  manure 
from the head gardener of the Botanic  Gardens, Regent’s Park, 
and also from one of the  largest landed  proprietors in Berwick- 
shire. With  regard  to Mr.  Bishop’s field a t  Leamington, twenty- 
four members of the Metropolitan  Board of Works had gone, 
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to see it. Sir John  Thwaites, 
the Chairman, looked at   the 
grass  and said, ‘‘ We  know 
that sewage always produces 
very coarse grass,” but  the 
grass  in question was  really 
as fine as  any  he  had ever 
seen. It was  distinctly cer- 
tified that upon fr acre man- 
ured with  that  material  there 
was  a larger crop than on the 
other 4$ acres in  the field. 
I f  these things were true, 
he maintained that  throwing 
sewage into  the sea was a 
most  wasteful proceeding. 

Mr. HENRY LAW exhibited 
a plan (Fig. 1) showing the 
system of Intermittent Down- 
ward  Filtration  as applied a t  
Merthyr, as there were some g 
special circumstances attend- g 
ing its use at  that place. The h 
river Taff did  not occupy the 
lowest part of the valley, 
which was  drained by a 
brook discharging  into  the 
Taff about 1 mile lower down, 
the bed of the  river being 
precipitous. The  filter beds 
occupied a space falling from 
the  river  towards  the brook, 
and  the lower part of the 
beds consisted of a coarse 
substratum of gravel, so that 
the  waters of the Taff were 
continually  running  beneath 
the  filter beds into  the brook. 
It was therefore impossible 
to  draw  any general conclu- 
sion from a comparison be- 
tween  the  analysis of the 
sewage discharged upon the 
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upper  part of the  filter bed and  that of the  water  which flowed 
through  the brook, and  which  was commingled with  an enormous 
amount of subsoil  water. That alone was sufficient to discredit 
the  results of the analyses. There was another  point also to be taken 
into consideration,  namely, the  extreme weakness of the sewage. 
The  quantity of solid matter  in suspension was  only + of the 
average of the  sixteen water-closet towns referred to  at p. 29 of 
the  first  report of the Rivers Pollution Commission. The  organic 
carbon  was  only 5, organic  nitrogen 5, ammonia $, mineral  matter 
in  suspension 4; consequently, any  result  drawn from the expe- 
rience at  Merthyr would have to be  discounted in those  proportions, 
when  applied  to  the  average sewage of the  country. It had been 
said  that  the  result  had been obtained from an experience extending 
over  a lengthened period. But  the  real  facts were stated  by Mr. 
Arnold  Taylor, in  a report  to  the Local Government Board, on the 
5th of November, 1872 (ante, p. 135). However, on  the occasion on 
which it was proposed by Mr. Bailey Denton  to  apply  the sewage 
.of 24,000 persons on 8 acres of land  in  the neighbourhood of Barnes, 
Nr. Harpur  gave evidence at  the  inquiry held before Major Tulloch, 
t o  the effect that   i t  was only for five months  that  the whole of the 
sewage of 25,000 persons was put upon the 20 acres a t  Dlerthyr 
Tydvil (ante, p. 134). That  was  the evidence of the gentleman who 
hait been in  charge of the  filtration beds from the  time  when  they 
were  constructed to  the present moment. &fr. Bailey  Denton had, 
however, referred to  certain analyses by Dr. Frankland, Dr. Russell, 
and others, as  though  they  had been made after  the experience of 
a year  or two, during which these beds had been used as down- 
ward  intermittent  filtration beds, receiving the whole ofthe sewage ; 
but  they  had ceased to be so used before any of the  analyses  had 
been made. There was  no experience to show what  the permanence 
of their  action  might be. And when it was considered that,  in  the 
case of Merthyr, 21 grains  in  every gallon of the solid matter  in 
the sewage was  retained  by  the land, and  that it amounted to 32 
cwt. per  day upon the 20 acres, how was it possible to conceive that 
that  substance could be left  in  the soil without  the pores of the soil 
being  gradually filled with it ? With  regard  to profit, Mr. Bailey 
Denton  had  stated that  during  the first year, in  which he  main- 
tained  that  the  system of downward intermittent  filtration  was 
still  in vogue,  a profit of S20 per  acre had been made,-to quote his 
own words, “ a return more than sufficient to cover the cost of the 
76 acres of land  and  the whole of the works connected with  the 
75 acres ” (ante, p. 186). He  thought  that upon this  point Mr. 
Harpur’s evidence at  the Baxnes sewage inquiry, before referrcd to, 
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was  better  than  that of Mr. Bailey  Denton ; he  had been asked :- 
‘ L  Q. Now, I would ask you, in regard  to  the profit-have you made 
any profit from the  cultivation of land  there ?-A. I am  sorry to say 
t.hat we have  not  derived  any profit. Q. You have not?-A. We 
have not; on the  contrary, we have  sustained  a  considerable loss. 
Q. Which  is more likely  to  realise a profit, the  irrigation  farm com- 
bined  with  intermittent  filtration, or the  irrigation  farm  alone? 
-A. The  irrigation  farm combined with  intermittent  filtration. 
Q. Will you give  us  the  particulars of your  experience a t  Merthyr ?- 
A. In  1872 there was a loss of 5624 16s. l l d .  ; in 1873, when the area 
was  extended,  there was a loss of 5598 9s.” Mr. Bailey  Denton had 
-stated  that  the  smaller  the  area  the  larger  the profit ; but  in  the case 
put  by Mr. Harpur  the loss was reduced as  the  area was  extended. 
Xr. Denton  also  observed that, under  favourable  circumstances, the 
view of Dr.  PrankIand,  that 1 acre of suitable  soil would cleanse the 
sewage of 3,300 persons could be verified. That of course  was a 
matter of opinion, and  Dr.  Frankland  had made a rather  extraor- 
dinary  statement,  taking it from a chemist’s  point of view, that be- 
cause the sewage in October l871 was  purified  fifteen  times  more than 
was necessary for the  standard fixed,  therefor?  four  times the quan- 
t i ty of sewage might  safely be poured  upon the  land,  and  yet i t  
would  remain  upwards of three  times more pure  than was necessary. 
If  he had been mixing. two substances‘ together as chemical re- 
agents,  that mode of reasoning  might  have been applicablo; 
but  he  forgot  that  if  he  put  four  times  the  quantity of sewage 
on the  land, it occupied four  times  as  long in running away. 
Therefore  there  was  only  one-fourth of the time  remaining to 
purify it. The  amount of work to  be done was  fourfold in one 
quarter of the time,  which  would  be  equal to  onesixteenth  only 
of the effect. And the  result of the experiment  quoted  by  Dr. 
Frankland,  at p. 65 of the  First Report of the Rivers  Pollution 
Commission, showed that  that was so ; because, in  his own experi- 
ment upon the Beddington  soil,  he  found that  with 7 6 gallons 
per  cubic  yard the  quantity of organic  nitrogen in  the effluent 
was 0 * 07, or four  times  as  pure as was necessary ; according  to  his 
own reasoning,  therefore,  double that  quantity of sewage might  have 
been put on, and  yet  the effluent would remain  twice  as  pure as was 
necessary. He  stated, however : ‘‘ These  results show how 
rapidly the process of nitrification  (the conversion of ammonia 
and animal  organic  matter  into  nitrates)  takes place in the Bed- 
clington soil, and how satisfactorily the sewage is purified  even at 
YLhe rate of - 6  gallons  per  cubic  yard of soil  per diem. But  when 
&his  rate was  doubled the nitrification ceased, and  the pores of the 
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soil became blocked up so that  they would no longer  transmit 
the whole volume of sewage supplied and also afford time for 
aeration.’’ It was impossible to reason that because the effluent 
water  had fifteen times  the  amount of purity necessary, therefore 
four  times  the  quantity of sewage might  be  put on, and  yet the 
emuent would remain sufficiently pure; for it could not be passed 
through  the soil in  the time. Laboratory experiments were of 
immense value  as  suggesting processes, but  they were worse than 
useless if the numerical results obtained  were to be  applied in  that 
way  in practice. The soil  was taken  and carefully sifted,  the  large 
stones  being removed, and it was  well known that  the mechanical 
structure of the soil  was really  that which  enabled it to  act  in  the 
intermittent  downward  filtration process. It was put in  under 
the most favourable circumstances. The sewage, having been 
obtained and  brought  to  the spot, was  deprived of the  larger  and 
coarser matter which would interfere  with  the process of filtration ; 
the  temperature  was  always  the same, and  there  was no exposure 
to  the vicissitudes of weather. To draw, therefore,  numerical 
results from laboratory experiments, and  to  apply  them  to prac- 
tice, would lead to serious  error. It was also necessary to correct 
another erroneous statement made by Dr. Frankland, namely, 
that  Mr. Harpur,  in  limiting  the  number of persons to 600 per 
acre, had  regard  to  the profitable cultivation of the  land,  and  not 
to  the power of the soil to  purify  the sewage. On this  subject 
he would again refer to  the evidence of Mr. Harpur,  to  the effect 
that,  as  the  result of two years’ experience, he did not  think I t  

would be safe to  put  the sewage of more than 500 persons on 
1 acre (ante, p. 135). 

In .conclusion, it ought  not  to be supposed that  intermittent 
downward  filtration  got  rid of the most difficult portions of sewage, 
namely, the sludge. If  the sewage were put on the  land  without 
removing the sludge, it would become an intolerable nuisance. 
The evidence of Dr. Dyke, the medical officer a t  Merthyr, should 
be remembered. He had said that where there were two  straining 
tanks,  and  where so much attention  was  paid  to  the  extraction 
of the sludge, 15 tons were taken  out  every week. Even there, 
however, a  nuisance arose, and  the  sludge deposited upon the beds 
had  to be dug  in. It had been proposed to  get  rid of the  sludge 
by  General Scott’s process, but  in  the  ordinary  manufacture of 
cement from the  comparatively  pure  materials of chalk  and clay, 
the nuisance was rery  great,  and  injunctions  had been obtained 
against  the cement works. He was therefore confide t that when 
the process of making cement from manure was carried on upon 
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a large scale, where,  superadded to  the  chalk  and clay, there were 
large  quantities of organic  matter,  the nuisance would become still 
greater. 

Mr. ROGERS FIELD said many  statements  had been made with 
reference to  Intermittent Downward Filtration  at  Merthyr  Tydvil 
and  at  Kendal which  were not correct. He had assisted Mr. 
Bailey  Denton in  the  preparation of the  details of the works 
at those places, had since visited  both,  and  had made a special 
independent investigation. He ‘had also referred to Mr. Bailey 
Denton’s original documents, and  had gone through  the whole of 
the correspondence with  the  clerk of the works  on the ground. 
The works executed by Mr. Harpur were commenced in the 
beginning of 1871. I n  March of that  year Mr. Denton  was 
sent down by  the Lords Justices,  and  he reported that  the 
works  were altogether inefficient, and  ought  to be done over 
again. The  Lords  Justices  then ordered him  to  take  the work 
into  his  own hands, and  have i.t completed to  his satisfaction. 
This  he accordingly  did. Mr. Harpur’s  statements were correct 
as far  as  they  went,  but  they referred to  the works which  he 
had done, and which were finished in March. Mr. Denton’s 
works  were  not finished till October 1871, having been begun a t  
the end of April. In  June  the Rivers  Pollution Commission went 
down for the first time,  when none of the beds now existing, as 
made by Mr. Denton, had been formed. Sewage was  being  applied 
irregularly,  as best it could, to  improperly formed land; so that 
the effluent water analysed by  the  Rivers  Pollution Commission 
at that  time could not strictly be said  to be that of intermittent 
downward  filtration. On the  5th of August  the whole of the 
sewage  was  turned on to  two new filtration areas,  comprising 
10 acres, and from that  time till the  13th of September it continued 
to  run on to those 10 acres. The population contributing  to  the 
Sewers was  stated  by Mr. Harpur,  in  his evidence before the 
Rivers  Pollution Commission, to be 30,000, and  in  his evidence 
at the sewage inquiry referred to  by  the  Author  to be 25,000. 
Taking  the lowest  number, this would be at  the  rate of 2,500 
people per acre. Then  three  areas, comprising 15 acres in  all, 
were brought  into play, and  the whole of the sewage was  run 
on to  them till the  19th of October, which was at  the  rate of 
1,750 people per acre. On the  19th of October the sewage was 
turned on to four areas, composing 20 acres in  all,  and on the 
21st, when the  Rivers  Pollution Commission again  visited  Merthyr, 
the sewage was being  applied to those 20 acres, or at  the  rate of 
1,250 people per acre. Dr. Frankland therefore had  greatly under- 
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stated  the case. At  the  time when the  purity of the  efluent mater 
was seven times  gieater  than it need be, the sewage  was  only being 
applied to improperly formed land,  and a t   the  time when the  purity 
was  fifteen times  greater  than it need be, the sewage was being 
applied at   the  rate of 1,250 persons per acre, instead of 500 persons. 
per acre. It also  appeared that it was  not  the case, as  stated by 
the  Author,  that  the  greatest proportion which ever obtained, even 
temporarily, a t  Merthyr  was from 1,000 to 1,250 per acre. The 
actual  facts  were  that for upwards of a month  the sewage was 
applied at   the  rate of 2,500 people per  acre; for another  month at 
the  rate of 1,750 people per acre, and  after  that  at  the  rate of'  
1,250 persons per acre. With  regard  to Hr. Harpur's evidence 
before the  Rivers  Pollution Commission, it would be  found that it 
differed considerably from that quoted by  the  Author  and  by Mr. 
Law.  The difference was, no  doubt,  explicable by  the  fact  that  the 
evidence was  given  under different circumstances. The Commission 
asked  questions simply  with  regard  to  the  facts of the case; but a t  
the sewage inquiry  to  which reference had been made, the  answers 
were  given  to  certain  leading questions. He  thought  that most 
engineers would prefer to  take  the evidence given before the Com- 
mission, in which, for instance, Mr. Harpur  distinctly  stated wit11 
regard  to  the cost of the works, that  they  had been done two or  
three  times over, and  that  they  might be done again for half thc 
money. 

He  would  now turn  to  Eendal.  The population was acknow- 
ledged  to  be 13,700, and  the whole of the sewage really  drained 
to  the land.  A certain  number of houses had cesspools or mid- 
dens, the overflows of which  went  to  the land. There  again 110 

preferred  to  take  the  results of the  investigations of the  Rivers 
Pollution Commissioners, notwithstanding  the  doubt  that had 
been thrown upon  them. Their  investigation showed, as WBS. 

well  known, that  the analysis of sewage from midden towns. 
differed very  little from that of water-closet towns. He beliercd 
that practical experience would confirm the  view of the Rivers 
Commissioners. But even taking  the  other view, nothing  like  the 
deduction could be allowed that  had been made. It should also 
not be forgotten  that  the numerous  manufactories in Kendnl 
drained  into  the sewers, and,  under  all  the circumstances of 
the case, he  thought it was  only reasonable to say, that  the 
sewage of the  entire population of 13,700 persons went on to  tha 
land. With  regard  to  the question of area, it was stated by the 
Author that  the acreage was 53 acres;  but from this  had  to I IO 
deducted river-banks, roads, &C., to  which no sewage was applicd. 
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He had himself fully  investigated  that  matter,  had scaled the 
quantity from the  plan,  and  had also communicated with  the 
Borough Surveyor, and it appeared that  the  net  area  to which thc 
sewage was actually applied was  only 4  acres 2 roods 25 poles. 
The  actual proportion of population to  the acreage was therefore 
2,942 per acre. That  had now been going on continuously  for 
nearly  three years, with  the exception of thirty-five days in  thc 
year, on which the sewage was  applied  to  other land. There 
was  not  time  to  dig  the  material  into  the  ground  as satisfactori1.y 
as it might be done, but  that  did  not affect the effluent. On thc 
occasion of his  visit to Eendal, on the  4th of September, 1874, the 
quantity of sewage flowing on to  the  filtration areas was at  the 
rate of 2,000,000 gallons per diem, equivalent  to a depth  of. 
19 inches for the whole filtration area, and  the effluent water 
flowing from the  outlet of the  under  drains  was clear. The  average 
quantity of sewage flowing out of the  land  was  at  least 1,000,000 
gallons  per diem, equivalent  to a depth of  9* inches over the 
filtration area. So that,  after  allowing for the  thirty-five  days  in 
cach year when the sewage was  applied  to  other  land,  the enormous 
dcpth of 261 feet  per annum  was purified by  the  filtration areas, 
and had been so purified for the  last  three years. This  fact alone, 
which  was beyond doubt, rendered Eendal one of the most remark- 
able instances of sewage purification in  the country. With  regard 
to  the  distribution, it could not be accomplished in  the  ordinary 
way, and gome automatic  method  was  required, so that  the sewage 
might be exactly  and proportionately distributed. 

Fig. 2 showed the method of distribution  by notch  plates, as 
adopted a t  Merthyr  Tydvil  and a t  Kendal. The sewagewas conveyed 
to  the  land  by  the main carrier a, on  which  were four  notch-plate 
chambers. The sewage was  diverted from the  main carrier, through 
the sluice b, into  the chamber c, from which it escaped by  three 
notch  plates, d, e, and5   t he  sills of which were on the same level. 
The  widths of these notches were proportioned to  the  area of the 
filtration beds, on to which the sewage from each notch flowed. 
In  the present instance notch d was 8 inches wide, notch e was 
185 inches wide, and f 18fr inches ; the areas  were  approxi- 
mately proportioned to  the cubical  contents,  being respectively 
about 20 poles and & acre. It would be noticed that  there were 
carriers on each side of the main, and  that  the sewage from the 
notch plate d ran  under  the main carrier  through a 9-inch pipe, 
rising  again  into  the chamber h, which delivered into  the  carrier 
i, from which it flowed on to  the land. This  was formed into 
ridges  and furrows, as shown on cross section C D, the sewa.ge 
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flowing down the furrows,  between  the  ridges  which  were  planted. 
The  notch  plate f supplied the chamber k, which delivered  into 
the  carrier l ,  and  the  notch  plate e supplied the chamber W ,  

which  delivered  into  the  9-inch  pipe n, conveying the sewage 
to a  third  area, not shown in  the figure.  By this  arrangement  an 

FIG. 2. 

P L A N  

D\ 

S E C T I O N  A - 6  

automatic  distribution of the sewage  was  effected,  inasmuch as, 
however  variable the  quantity of sewage  flowing  out of the 
main  carriers,  this  quantity would  always be apportioned  by  the 
notch plates in  the precise ratio of the several  areas. 

From careful  observation, he was of opinion  that,  though it 
might be possible, with  adequate  attention,  to  deal  with  large 
quantities of sewage  occasionally by  the ordinary  methods of 
distribution, no reliance could be placed on such quantities  being 
.satisfactorily  dealt with for a long  time,  as  variations of  flow would 
frequently occur when  no attendant was at  hand to  alter  the stops. 
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Some precise automatic system such as  that described was there- 
fore necessary. The land, moreover, must be carefully drained, 
levelled, and formed for filtrati.on areas,  which  required skilful 
manipulation. He therefore considered that  intermittent  filtration 
differed essentially  from irrigation,  in  that  the  primary object was 
not the profitable use of the  irrigated  land,  but  the purification of 
the sewage on the smallest possible area,  This was  unquestionably 
an  engineering operation, and could only be properly  carried out 
by engineers. 

Mr. CHALMERS MORTON would confine his  remarks  to  two points 
-the performance of the filter beds at  Merthyr,  and  the alleged 
unprofitableness of sewage farms. On the first, he understood 
Dr. Frankland to say  that  he  had on several occasions analysed 
the  effluent  waters from the  filter beds a t  Merthyr  Tydvil,  and 
selecting three occasions when the sewage poured on corresponded 
to 250, 500, and 1,250 people per acre respectively, he  had 
found, after  discounting  the  dilution from the subsoil  water, 
which, knowing its composition, he was  able to do,’ that  the sewage 
had been cleansed thirty times, fifteen times, and four  times re- 
spectively more than enough ; and he asked, putting  his inference 
in  the form of a question, whether, seeing that t,hese filter beds 
had cleansed the sewage of more than 1,000 people per acre four 
times more than enough, it was  not reasonable to suppose that,  if 
the work had been given them to do, they could have cleansed 
enough, or even still somewhat more than enough, the sewage of 
four times  as many people ? He  submitted  that  that was a reason- 
able  inference ; and  not only so, but  he asserted that  this work 
was given  them  to do, and  that  they  did it. In  justification of 
that assertion he did not depend upon the  important point made 
by Mr. Iiogers Field, who stated  that  at  the  time when it was 
supposed that  the whole of the sewage of Merthyr was going on 
20 acres, it was  only going on l:! acres, thus  nearly doubling the 
work ; nor upon another point, of whioh a good deal might  be 
made, that,  although only 4,000 or 5,000 houses in Dowlais and 
Merthyr were connected with  the sewers, so that  the sewage 
of only 2,000 persons was  draining on to  the filter beds, yet 
there  must have been also a large  though indefinite addition of 
filthy  matter from back and side streets, which, though  not 
sewered, found its way through  runnels  or  gutters  to  the nearest 

1 The subsoil mater was in Eome cases no purer  than its effluent, so that  it was 
only in a few instances that  there was any deduction to be made from the result 
on its account.-C. M. 

[1876-77. N.S.] P 
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end of a  street  that was  sewered, and so 011 to  the  filter bccls. 
He presumed the  Foul  Burn below Edinburgh  was  foul long 
before  water-closets  were  thought of or  sewers made. He would 
confine  himself to Mr. Bazalgette's  own  admission.  Whcn the 
Author  limited the performance of the filter beds to the defeca- 
tion of the sewage of only 1,000 people per  acre,  he  forgot  tho 
important  fact  that  there were large  portions of those  beds  which 
always  had  to do four  or five times  as  much  work  as the rest. 
I f  it had been possible so to  have  distributed  the sewage of 
Merthyr  as  that  every  square  or cubic yard  should receive its 
aliquot  share  to  deal  with  daily,  then no doubt it would be 
right  to  quote  their performance as  not  representing  one-third of 
tb.e duty  which  Dr.  Frankland  had  declared  them  capable of 
of doing. But  the  sewage was not,  and could not be, distributed so 
evenly. It was not  every  square  yard  that received its aliquot 
part,  but  every acre. By means of carefully  calculated  and  accu- 
rately  gauged  water-ways,  notch-plate  chambers,  and the  like, 
Mr. Bailey  Denton  had  skilfully  contrived that  the constant  stream 
of sewage  should  divide  itself into six  equal  portions,  each of which 
found its  way to  one-sixth  part of the 5 acres  under  sewage at  any 
one time ; and that plot of 120 perches, some 60 by 70 yards in 
extent,  was sewaged  from  along its edge. But it was not possible 
to water  a sieve, so that every mesh should  have  its  share,  by 
simply putting it slightly  a-tilt  and  watering it from its  upper 
edge. The meshes next  the  carrier would do all the  work,  and so 
it was  that  the  one-fourth or  one-fifth part of each  plot  which was 
close to the sewer, and  which received its  full work to do from the 
beginning  to the end of the  six  -hour period,  really  did  four  or five 
times  as  much  work  as the  farthest  part,  which  was often  not 
pcrfcctly  watered  (he spok'e as an  eye-witness)  until two or threo 
hours  had  elapsed.  Therefore  he  contended  that,  although the 
effluent water from the  filter beds might be said  to  be  the  puri- 
fied sewage of only 1,000 people per  acre,  half of it, or  more 
than half,  must  have come from  plots  which  were  dealing  with 
the sewage of 4,000 or 5,000 people  per  acre. That,  he  submitted, 
was a point  well  deserving of the consideration of any one who 
came to  the  study of those  filter beds, or  even of the blue-books 
connected with  them,  not  for  the purpose of sustaining  any fore- 
gone  conclusion, but of seeking  and  finding  an  adequate remedy 
for the difficulty  which all acknowledged,  and  from  which large 
populations  were  actually  suffering. 

As to  the second point, the Author  was  dead  against the possi- 
bility of profit from sewage  farming.  Here  might  be  read  a  letter 
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jmt receivod from Captain  Fosbery, Lord Warwick‘s agent,  who 
wrote : “You were, I know, anxious to  hear  the  result of our 
operations on the sewage farm for the  last  year; I am sure, there- 
fore, you will be glad  to  learn  that we have been successful beyond 
.our expectations. I find that  after  paying  the  rent of the farm, and 
paying  the  Leamington Corporation for sewage, and  interest on 
the capital invested, there is still a considerable balance left as 
clear profit. This you will  agree is very encouraging, both as re- 
gards  the  undertaking  and  the possible results of sewage farming 
,generally. I am more and more convinced, however, that  to com- 
mand success, every possible economy must be practised in  laying 
aut  the  irrigation farm in  the first instance.” I le  read that  letter 
mainly for the  sake of the  last sentence, and  to  urge upon engineers 
the  absolute necessity of their  adopting inexpensive methods of 
distribution if sewage farms wese ever to be gencrally profitable. 
Looking upon the subject  from the  agricultural  standpoint, he had 
a farmer’s instinctive  anxiety  and  dread  with  regard  to excessive 
rent.  He  knew  the possibilities of English  agriculture,  and  that  an 
,ordinary  agricultural  rent vas  borne without difficulty wherever the 
land was vigorouslyand  productively  managed;  he knew also enough 
of sewage farming  to  be  quite  certain  that even the accommodation 
rent which  corporations and local boards were sure  to  have  to  pay 
was  not an intolerable burden where the sewage farm  was  properly 
conducted;  but  when  there came in addition to  that  the enormous 
rent-charge created by  the  expenditurc of the  lawyer  and  the 
engineer, the prospect was utterly hopeless. He was perfectly 
.certain  that a great  deal of trhe expensive  permanent  works which 
he  saw upon gemage farms  throughout  the  country was not ab- 
.solutely necessary. IIe was recently a t  Merthyr  Tydvil, and found 
that  the account given in the  Paper 6f the  present condition of 
the filter beds was correct ; they were  dismantled, the whole of 
the second order of feeders was  swept away, and  the plough went 
from one end  to  the  other of the  separate filter beds, which were 
nom watered  only in  their  ordinary  agricultural  turn  with  the  rest 
of  the land. The main feeders were there,  and would be for five 
hundred years to  come;  but  they were not  in  any degree more 
useful for their present purpose than so many puddled ditches 
that  might  have cost only ’is. or 85. per chain. And the  land 
in  its present state was just as able to deal with  the sewage 
as it was before. That was put  to  the  test  during  the present 
year. In   the last week of last  gear a landslip  had carried away 
a portion of Mr. Harpur‘s outfall sewer, and  the whole sewage 
.of 48,000 people, in a town wholly sewered and water-closeted, 

P 2  
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was for five weeks poured over 50 or 60 or 70 acres at  Troed-y- 
rhiew, and  they were found capable of dealing  with  t.hat un- 
usual  burden. He maintained  that  the excessive cost upon sewage 
farms  generally  throughout  the  country was not necessary. If 
he were the  tenant of 400 acres of suitable  land,  light  and  well 
drained, below a town even with a  population of 100,000, and 
under  heavy  penalties  as to the  abatement of nuisance, and the 
cleansing and defecation of the  town  drainage,  he would say to 
the engineer, after  he  had  brought  the sewage to  eight  or  ten 
equidistant  points upon the  land, (‘1 shall be glad of your 
assistance to  distribute it in  detail over the several fields, 
provided you will do it for  a sum  under S10 an acre. If you 
cannot do that, I will take  my plough and  my spade, and  my 
average  agricultural  labourer,  and do it myself.” Because he  was 
perfectly  certain  that  any shortcomings in  this rough-and-ready 
work would be covered by  the power of porous land  to deal with 
sewage, which  was  far  greater  than  engineers seemed to  believe. 
There  was no necessity  for permanent  carriers  to every 2 or 3 acres 
of land,  nor for  subsidence tanks  to  any  great  extent. On that  point 
he spoke from experience. When  the Metropolitan  Sewage Company 
put  into  his  hands  their Lodge farm  near  Barking  to manage, he 
had come from Rugby,  where  he  had been employed to  arbitrate 
between the commission on which  Lord Essex  served, and Mr. 
Walker,  the  proprietor of the  land, on account of an  injury done to 
the  permanent  grass  land  by  ponding  the sewage and covering the 
land  with  mud  and sludge. A t  his desire a tank  was made with a 
horizontal  rim of 40 yards,  into  which  the sewage  was poured,. 
250 or 300 tons  an  hour,  and from over the  lip of which it went 
on more slowly, leaving  the  sludge  behind it. After the first 
week he  had never used the  tank.  The sludge  was sent on to 
the  land  along  the carriers, and it did no harm; indeed it did 
good, because the  ditches were cut in gravelly  land  and it was 
useful in  making  them  watertight.  He did not believe in  the 
necessity of those  works of permanence and precision for which. 
Mr.  Rogers Field  argued,  the cost of which was  the  ruin of the 
sewage farmer;  but  what he did believe in confidently was the 
truth  and trustworthi,ness of Dr. Frankland‘s discovery, the asto- 
nishing power of an aerated porous soil and subsoil to oxidise and 
defecate  town sewage. 

Professor ANSTED wished to  direct  attention  to  the  dry earth. 
system, as i t  was called. ‘l’hat term  he supposed included the  pail 
system,  and  all  the  other systems involving  the collection of the 
solid fzcal  matter  and  the waste of towns,  and the disposal of it 
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without  water carriage.  Not  only the  Author,  but many others had 
'' pooh-poohed " and contemptuously denied the possibility of this 
being  a  practical  system, on the  ground  that, instead of being  sub- 
stitutive for a water  carriage system, it was merely supplementary 
to it. No doubt  that was so ; but it should be remembered that a 
large number of towns in  the  manufacturing  districts of England, 
having  already a  water-carriage  system,  did  supplement it,  to a 
certain  extent,  by  the  dry  earth system in one shape or another. 
He  had made out a list of a few towns in  which that plan had been 
adopted, and he named ten  manufacturing towns, the population of 
none of which was  under 50,000, and whose total population ap- 
proached 2,000,000, in which the houses with water-closets was not 
nearly one-half those supplied by pails, and  not one-third of the 
number supplied a t  present  only by middens. This  view of the 
subject seemed to make it clear, that  the mere fact of requiring a 
water  drainage system in  addition,  was  not necessarily destructive 
of the possibility of using one 01: other of the  dry systems. It was 
evident  that a  water-carriage system  must be  adopted in  all cases to 
carry off the  ordinary  waste of water supply, and  the  storm  waters 
that fell upon the surface. But  referring  to such towns  as Black- 
burn,  Birmingham, Leeds, Leicester, Manchester, Nottingham, 
Oldham, Hochdale, Salford, Sheffield, and  many others,  where did 
these waste  waters go ? Necessarily, and  in  the case of almost all 
the  large  manufacturing towns of England, on each side of the  great 
backbone of the  country,  near which these towns were situate,  the 
water  must be carried into  very  small streams, and if besides water 
they contained also the sewage of the  vast populations of the towns, 
those streams would be  rendered  much worse that  they'  already 
were. It was, therefore, important  that  the water-carriage  system 
should in  such cases be  supplemented by some method which 
would enable the solid and offensive part of the refuse to be 
got  rid of in some shape  or other. The  dry  earth system, then, 
ought  not  to be disposed of by a mere expression of contemptuous 
impossibility. He had taken considerable interest  in  this subject 
from having  not  long ago seen what was doing in  Manchester. 
I n  Manchester only about 10,000 houses were  furnished with  water- 
closets, while 25,000 houses were  supplied with pails. It would 
not do to speak of a system extensively  applied to  a city of 
360,000 inhabitants as wholly  impracticable. The solid part of 
the refuse was  the.re  carried to  the  town yard, which  was  quite 
within  the  town;  and,  certainly, as far  as  he could detect, it was 
not a nuisance. The  quantity of material  thus carried was 80,000 
h n s  per  annum. Of this  quantity 33,000 tons consisted of breeze 
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and  garbage, offal, and housc refuse. About the same quantity o f  
fsecal matter mixed with ashes  was  obtained from the pails, daily 
removed from the houses by carts constructed for  the purpose, qncl 
there  were 12,000 tons of liquid  matter, chiefly urine, also brought 
by  the pails. The  pails were not a nuisance ; the refuse as received 
into  the yarcl. was  not a nuisance. It was treated in  a simple way, 
and one which appeared to  him satisfactory, it being subjccted t* 
combustion. The refuse  was passed through furnaces of different 
construction. I n  one kind it was entirely  destroyed;  in another. 
there  was a certain  quant,ity of organic charcoal  obtained from it, 
which  was used, mixed with carbolic acid, to make a fluid to disin- 
fect the pails. The  clinkers  or solid residuum  were ground up, 
mixed with lime, and made into  mortar.  The  liquid  part was trcatecl 
by  an  ingenious process, analogous to  that employed in  sugar- 
refining, evaporation being caused by passing the  material  over 
blades through  which a current of extremely  hot  air (about 600” 
Fahr.)  was passed. The fluid that came out  was a small per- 
centage indeed of t,hat  which  went  in, and was available for use 
as manure  when mixed with  the refuse of slaughteFhouses  and 
deodorised faxecal matter. In  that  way it was made into solid 
sewage, capable of being placed in  bags  and carried off either 
by  boats  or  by  rail.  The sewage thus obtained was said to  be 
worth 10s. or 12s. a ton. I n  this  way  all  that  part of the 
sewage which  was troublesome and  liable to  be mischievous was 
got  rid of. It was, he  thought,  important  that  this method 
should be carefully examined. It was now in operation on a 
large scale, and should  be recognised as a system which  might 
perhaps afford a key to the disposal of this mischievous mass 
which  was now troubling engineers. It was quite  true  that it 
might  not  be  applicable  ewxywhere,  but he thought it impossible 
to devise one  scheme for the  treatment of sewage under all circum- 
stances. Use must be madc of the means at  hand. I n  such a town 
as Liverpool, where  the sewage could be  carried  to  the sea wit11 
facility considerably  beyond the town, and where there was no 
chance of its being  drifted back, it might be advisable  to use the 
water system entirely. I n  a city  like London it was quite possible 
that means might be  adopted  to carry  the sewage away  to s o m ~ .  
part of the  great  tidal  river  Thames  where it would do  no, 
mischief, though  he confessed, from what  he  had seen, from tllc 
experience of others, and from the evidence which  had been given, 
it wonld appear  that  this was by no  means effected a t  present,. 
Perhaps  even  yet it might prove necessary to  burn off the accumu- 
lating mass which  was  being deposited in  the neighbourhood of 
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the London  outfalls. But  he  thought it should be recognised, 
at all events, that different towns  might  require different systems, 
and  that it was not  fair  to  throw aside as valueless a method 
.that  had proved to be successful in  any one case.  On reading  the 
Paper  he found five methods  mentioned by the  Author  by whicll 
sewage was supposed to be treated,  and four of these were, in  the 
conclusions, declared to be utterly unfit  and useless in every  sense 
of the word. The  only method left was that of seaboard or 
tidal outfalls ; but it was  certain  that  that could only  be applied 
to a few towns  round  the coast, and could not possibly be  applied 
to  the  great  manufacturing  districts of the  interior.  Under these 
circumstances he hoped he would be excused for  having alluded 
to one of the despised methods, though it was  that one which 
appeared to be the  least respected of all.  He considered the 
Author’s remarks on this subject mere not  by  any means fair, for 
he referred to London as a test place for the application of the 
dry  earth system.  London was perhaps the  least fitted of all 
towns for such a system. The  larger  the town, perhaps  the less 
adapted was it for such  a  method of disposing of the  sewage; 
but  he contended that  the estimates of cost given  in  the  Paper, 
even in respect to London, were totally  out of the question. I t  
was by no means necessary that  the cost of replacement of dry 
for water closets should be anything  like  what  had been 
stated,  and  certainly such  a large  quantity of dry  earth  as was 
suggested would not be required. If in Manchester ashes could 
be used to deodorise, why  not  elsewhere?  The  Author had 
come to  the conclusion that  there was  only one system that could 
possibly be of any use, while he contended that such B method 
could not be adopted in  many places, and  did not appear  to  have 
been safely  adopted in  any. 

Mr. ADAM SCOTT said,  there was not a single point in  the  Paper 
with  regard  to  the  Liernur system, or  in  the recent report of 
the Government Commission on  Sewage, that  he was not pre- 
pared to controvert. The  Author  had referred to  the papers 
read at  the Conference at   the Society of Arts  last year, and 
he  appeared to  have gone through  them  with  the view of taking 
out  anything  damaging  to  the  Liernur system. It was incom- 
prehensible,  therefore, that  he could possibly have overlooked 
what  the system really was, because it was described in those 
papers. He stated  that  the  Liernur system  only dealt  with.solid 
and fluid  excremental matter, whereas it was a  system  for dealing 
with  all descriptions of town sewage. He called the  Liernur 
system the pneumatic  system, which however  was in  reality only 

Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



216 HINUTES OF PROCEEDINGS. 

one subdivision of a comprehensive system of town  drainage. 
The  pneumatic  part of the system, by  dealing  with excremental 
matter,  separated  the most dangerous part of town refuse, which 
was the cause of typhoid, cholera, and a number of other 
diseases, removing and collecting the  material  in such  a way  that 
those diseases were impossible. Where sewers  were required 
Captain  Liernur provided  sewers of an impervious nature, so that 
the subsoil could not be  polluted by sewage of any  kind;  and 
where sewers did not  exist, a system of drainage  by  agricultural 
drain-pipes  was given  to  the subsoil  itself. Captain  Liernur 
further insisted upon the purification of manufacturing refuse 
before it was  turned  into  the sewers. He  did  not  think it 
desirable that  street  detritus should  go into  the sewers and  thus 
complicate the sewage  question, and  he therefore  provided  simple 
upward  filtering mud gully buckets, by  which  the  mud would be 
detained  to be removed by scavengers from time  to time. It, was 
only  dirty  street  and  dirty house water  that  went  into  thc sewers, 
and  that could be  purified,  if  desired, by means of gas-coke filter 
beds. There  being  little solid refuse to deal with, those filter 
beds  were effective in  their action. The system did not require 
huge  intercepting  drains t o  carry  the sewage to a distance. The 
treatment  was of a simple and innocuous character, and it could be 
carried  out at  any  part of the river. The operation of the system 
was being  carefully watched by  the official Board of Sanitary 
Officers of Holland,  which was composed of twelve government 
medical inspectors. In the  year 1869, a t  a meeting held with 
regard  to  the sewerage of towm, it was resolved by  that board 
that  the  Liernur system was  theoretically  the  best known, but 
as  they could say  nothing  about it technically  or financially, they 
reserved their opinion on those points. In  the year 1876, however, 
at their October session, after  inspecting  the  poudrette works at  
Dordrecht, they unanimously resolved to recommend the  uni- 
versal adoption of the system in Holland. “NO other system,” 
they say, “ answers so fully  or so well for the  gathering  and 
removal of excrernental matter, slop and  rain  water,  and manu- 
facturing refuse, and for the  regulation of the subsoil water,  as  the 
Liernur system,  as well from a sanitary  as  an zesthetic, technical, 
and economical (agricultural  and financial) point of  view.’’ Either 
those gentlemen  did  not know the  meaning of the words they 
used, or others must  be mistaken  in  their views. Mr. Scott hoped 
that,  at  all events, judgment would be suspended until  the opinion 
of the  other side had been heard. Mr. Bazalgette  had said that 
the  pneumatic subdivision of the  Liernur system was merely sup- 
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plementary, and conferred no  corresponding  advantage. He must 
have been ignorant of the  striking  fact  that  the  pneumatic system 
had banished typhoid fever and  diphtheria wherever it had been 
put  in operation. This  surely was  a “ corresponding advantage,” 
for in  this  country one person in every two  hundred of the popu- 
lation was each year stricken down by  typhoid fever alone. The 
Author  stated  that  the pneumatic  system  was complicated and 
liable to  get  out of order, whereas the  Dutch  authorities held that 
it was simple, and  where  Captain Liernur’s plans were followed 
never got  out of order, or gave  any trouble. &fr. Bazalgette said 
that  the closet arrangements, which he  had  not seen, were offen- 
sive; whereas at  the Society of Arts, in  April 1875, Mr. Abbott, 
of the  Tottenham  sanitary  authority, said that ‘‘ he had seen some 
scores of the closets,” without  water, “ i n  some of the poorest locali- 
ties  in Leyden,  Amsterdam, and Dordrecht, and was  much sur- 
prised to find that  they were  positively  sweet and  pleasant ; in 
fact, superior to  the average arrangement  to be found in middle- 
class houses in  England  as regarded freedom from all  kinds of 
effluvium.”  Dr.  Bnchanan, Medical Inspector of the Local Go- 
vernment Board of England, at   the same meeting, confirmed this, 
but  he  had not seen more than  thirty closets ; and  other  testimony 
to  the same effect might be quot,ed. With  regard  to  the  decanting 
arrangements at  the  central  slations  at Leyden and Dordrecht, 
there  was no offence, nor would there be any  at Amsterdam  if the 
apparatus provided by  Captain  Liernur was used. 

Mr. ABERNE.rHY, Vice-Presidnet, said the  Author  had displayed  a 
considerable amount of industry  in  collating from various sources 
what  might be regarded as  the  history of sewage  disposal up  to  the 
present  time, without  arriving  at  any definite or satisfactory conclu- 
sions. All  the information  contained in  the  Paper,  and  in  the more 
detailed  report of Messrs. Rawlinson and Read, led  to  the inference 
that no arbitrary  rules could be applied with  regard  to  the disposal 
of sewage ; that each case must be treated upon its own merits, and 
with  regard  to its local features, such  as  the  amount of population, 
the  nature of the  surrounding soil, the possibility of gravitation,  and 
the like. One thing was certain,  that  the  authofities of towns would 
have  to  treat  the problem irrespective of the question of profit to be 
derived from the sewage. With regard to  irrigation,  he  thought 
that  in  the case of cities or towns of moderate  population, where  the 
surrounding soil was of an open, friable loamy or sandy  nature, 
and  gravitation possible, that method might be resorted  to  even 
with profit. I n  other localities of a similar  nature  with  regard 
to population,  where the  surrounding soil was of a  heavy un- 
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favourable  character, it was obvious that  precipitation  and deodor- 
isation  should  be  resorted  to,  passing the effluent waters,  purified 
up to a certain  standard,  into  any  neighbouring  stream  or river. 
In   the  case of large cities like London and Glasgow, the problem 
was more difficult; irrigation  was  not  always available, and 
precipitation seemed to be out of the question, having  regard 
to  the  great  amount of solid deposit to be dealt with. Probably 
the  only practicable and most economical plan in  the case of such 
cities  was to  get  rid of thc sewage by  passing it into  the sea. E u t  
he deprecated half measures, such  as  the disposal of the sewage of- 
nearly 4,000,000 persons into a river of the volume of the Thames, 
a few miles beyond  London, and  in  the neighbourhood of a populous 
suburb  like Woolwich. He  totally disagreed with  the  Author 
that “i t  would seem to be a  logical inference, in t,he absence of 
disturbing causes, that  where  the velocity of the  current  into 
which  the sewage is discharged is greater  than  the velocity of 
the  current  which  carries it down through  the sewers to  the 
outfall,  there cannot  be  much danger of silting-up  or  interference 
with  the  navigable  channel” (ante, p. 157). And he was at  issus 
with  him  with  regard  to  the effect of the sewage  discharged  from 
the metropolitan  outfalls. A11 facts  tended to a conclusion entirely 
a t  variance  with such statements,  and  having  regard  to those facts, 
he  maintained  that from the metropolitan outfalls a large  amount 
of deposit  existed in  the bed of the Thames, both below and above 
the outfalls, but more particularly above. At  the  present  time 
the river-bed  opposite Woolwich had shoaled to such an  extent 
that before long, for purposes of navigation,  dredging would, in 
all  probability,  have  to be resoded  to,  and if that took place 
during  the summer months it would be very objectionable in a 
sanitary  point of view. IIe  had  lately read the able report of- 
Sir John  Hawksham on the disposal of the sewagc of the  city of 
Glasgow, and  he cordially recommended the conclusion with 
regard  to  the  outfall  to tllc  notice of Sir  Joseph  Bazalgette,  who 
had also dealt  with  the question of the disposal of the sewage of 
that  city.  Sir  Joseph selected Clochinch, 24 miles below Glasgow, 
and 5 miles below G’reenock, where  the  river  was from 1B mile t@ 
3 miles  wide a t  it.s embouchure and  estuarian  in  character.  Sir  John 
Hawkshaw  did  not  think  that sufficient, and  had recommended 
the  outfall  to be a t  a point l 5  miles from Clochinch, where it would 
be subject to a strong  tidal cukrent. I n  cases where irrigation 
was not a-milablc, and  the soil  unfavourable,  deodorisation and 
precipitation wonld have  to be resorted to,  and  the  inhabitants of 
thc  district would have  to  submit to taxation  for  the purpose, 
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111 t l ~ e  case of large cities like London and Glasgow, situated on 
rivcrs  or estuaries, thc outfall  should be sufficiently far removed to. 
be beyond the action of the  returning  tidal 00w. He was confi- 
clcnt that ere long  the  outfalls for the sewage of London must be 
prolonged to n considerable distance in advance of the present 
outfBlls. 

Mr. LITTLEE, QC., believed, with  the  Author,  that  the sewage 
dificulty was little  nearer solut,ion in consequence of anything 
that  had been recently done. Filth was filth,  and  must be got  rid 
uf, and  the bcst way of doing it,  was to carry it away  as  far as. 
possible. Dirt could not be a pleasant  neighbour under  any cir- 
cumstances-certainly not unless it could be turned  to profit, and 
a t  present it did not  appear  that  anybody  had made a profit out 
of sewage, though  many persons had  lost a great deal by it. HG 
believed no one had becn bold enough to produce a  balance  sheet, 
which proved that a single penny had been made out of it. In  the 
case of inland towns, of course i t  was necessary to dispose of the 
sewage in  the best possible way, and  in  certain  instances  irriga- 
tion  farms,  where they could be obtained  cheap  enough, were 
the best means ; but  the  great objcction to  that method  was, that 
i t  was impossiblc to  get  the control of the sewage and  the manage- 
ment of thc farms in  one hand,  intelligent fur  both purposes.. 
T l ~ c  sending  out of the semagc might be intelligently worked by 
the surveyor or the  superintendent of the local hoard, but he was 
not a good farmer ; ancl on the  other  hand  the farnlcr could not 
properly cont,rol the sewage. Unless the  two were worked 
together,  or nnlcss the circumstances  were  exceedingly favourublc, 
the  result would be disastrous either to the public or to  the farmer, 
and  in  that casc the proper person to suffer was the farmer. 
Therc was also the  further serious difficulty, that unless the farm 
was under  thc control of a local board or a public server authority, 
it was likely  to be  a solme of nuisance. Sewage farms  might 
m d  could be made useful, but  until a great deal more was  known 
about them, they mere not  the best  means to be adopted  for thc 
disposal of the sewage. It was said that  fertilising  material 
ought  not  to be sent away, but  no one had shown that  therc 
was any  fertilisation  to be  obtained from sewage compared with 
the cost involved. With  regard  to  what Colonel Jones hail 
stated  as  to  the value of i t  trcatcd  by  pure  water, he had  had 
some experience on that  point,  and  the  result  was  that  he now 
declined to treat it a t  all, be-ause it was so extrcmely dis- 
agreeable  unless it was  nt a long distance from habitations, 
A s  to thc  silting  up of rivers, he knew  nothing of what  might 
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happen i n  Glasgow;  but  he  thought  that  the broad principle 
laid down by  the  Author  was correct, and  might be  carried 
even farther  than  he  had carried it, namely, that it would be 
worth  while  to consider whether  the  country could not be, to 
a large  extent, mapped out between  a number of large sewers, 
.conveying the  filth  away from the population to  the seaboard. 
He had resided in different  parishes  on the  river Lee, and 
had, therefore, been, to a great  extent,  interested  in  tile  Thames 
valley. In one place he  was  chairman,  and  in  another a member 
of  the local  board, and  in  both cases they  had  got  into  trouble 
with  .regard  to sewage, so that  he  had watched what  had been 
going on with considerable  int,erest. I n  one of the parishes most 
of  the  experiments  with chemicals had proved to be failures, and 
in  the  other a similar  result  had so far happened with  regard  to 
farming. He had in  his possession some figures showing  what 
had happened in  the Thames  valley, especially in  the immediate 
neighbourhood of the works of the Metropolitan Board. The first 
statistics were  those of the Metropolitan Board in  July 1875. 
The  complaint  which caused the  report was, that  the bed of tile 
river from the  year  1861  to 1871 had undcrgone certain  alterations 
near  the  main  outfall  at Crossness. The observation of the  Thames 
Conservancy was, that  in  the bed of the  river  where  the sewers 
were discharged between 1870 and 1874, 240,099 cubic yards 
had been deposited for a length of about 2 mile, and  that 
was in  addition  to  the deposit  between 1860, when the >~~orl<s 
were opened, and 1870, when  the  attention of Parliament was 
directed to  the question. The  real  facts were these : Between 1866, 
when  the Metropolition Board poured the sewage in  at Crossness, 
and 1868 there  had been a decrease in  the deposit of 480,000 cubic 
yards. From 1868 to 1869 there appeared to  have been an increase 
of 142,000 cubic yards, from 1869 to 1870 a decrease of 216,000 
cubic  yards, from 1870 to 1871 an increase of 277,000 cubic yards, 
and  in  the following year  an increase of 279,000 cubic  yards; 
then,  oddly  enough,  in  the  next  year  there  was a decrease of 
260,000 cubic yards,  clearly  showing  that it was  owing  to acci- 
dental causes, not the  constant one, sewage, but  to  other causes, 
with  which no one was more familiar  than Mr. Abernethy. I n  
the  river  Humber  the same variations occurred, for which no one 
could  account except  by  the  state of the  currents. In  1873-4 
there  was a decrease in  the Thames of 53,000 cubic yards,  and 
in 1874-5 there waa another decrease of 100,000 cubic  yards, 
making a decrease of 411,000 cubic yards for the  ten years since 
the  time  when  the sewage  was poured into  the Thames. Within 
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the  last  year  there  had been another decrease of 407,000 cubic 
yards. Mr. Abernethy asserted that  there  had been a silting  up, 
but  the figures just quoted showed the contrary. The  statement 
that  the  southern  channel had been silting  up,  and  that  the  north- 
ern channel had been kept open, simply showed that  the  current 
was  altering its course. The question whether or not  the sewage 
was  filling up  the  river, was one that could only  be  dealt  with  by 
ascertaining,  over a long distance of the reach from Crossness 
downwards, whether  there  was  an increase of silt, and  an increase 
of sewage deposit. Although  Dr.  Letheby found some years ago 
that  there was  sewage deposit in  the bed of the Thames,  he did 
not know that  any one had since  alleged that  there had been any 
increase of sewage deposit. So far as  the best opinions went,  there 
was  not so much  as there used to be. The  Thames mud was 
specifically heavier  than  the sewage mud, and  the sewage mud  did 
not silt in  the course of the sewers themselves, where  the velocity 
was only 18 mile an  hour, whi1.e the velocity in  the  Thames  was 
about 2$ miles. The  best  way,  then, was to  regard sewage as a 
nuisance to be  got rid of-to be sent to some place where, though 
it might  not yield  a profit, it would cease to  be a source of 
anxiety. 

Colonel JONES wished t o  explain, with reference to Mr. Littler’s 
statement  that no accounts had been published  showing  a profit, 
that  in  the  report published by  the Society of Arts, in  the blue 
book on sewage disposal, and  the  pamphlet “ Will  a  Sewage Farm 
Pay ? ” published by Longman in 1874, full accounts were given 
of his  undertaking. 

Mr. SHELFORD said in  the  past  year much printed  matter had 
been produced in connection wit,h  the Sewage Question. Sir  John 
Hawkshaw’s Eeport on the Purificat.ion of the Clyde was dated 
2lst Narch, 1876, and on the 28th of that  month  two  Papers were 
read at  this  Institution upon the Utilisation of Sewage, one by 
Nr. Redgrave, and  the  other by himself. About the same time 
Colonel Ponsonby Cox’s Report upon the Thames  Valley Drainage 
was published. I n  May there was  a conference on sewage  subjects 
at  the Society of Arts, and  in  July Messrs. Kawlinson and Read 
reported to  the Local  Government Board upon the disposal of 
sewage. All these  publications had  furnished  an immense amount 
of matter for the composition of such a Paper as that  submitted 
by  the Author. He, however, only made one decided recommenda- 
tion,  and  that was in favour of those outfall sewers with which 
the name of Sir Joseph Bazalgette  had been for so many years 
honourably associated. It behoved engineers,  therefore, to see 
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what reasons were  given for arriving  at  that conclusion. The 
information obtained during  the  last few months showed dis- 
ltinctly  that  the sewage  question resolved itself  into  the difficulty 
.of disposing of the solid matters  in euspcnsion. The difficulty 
of treating  the  sludge  by chemical processes was notorious. In 
the  Paper which he  had  written,  he showed that  there  was 110 

hope of profitable treatment of the sludge by cheap preeipit,n- 
tion processes, but  that  there  might be somc chance of profit- 
ably disposing of it  by  what  had been called recupera,tive prc- 
cipitation processes. I n  irrigation  and  filtration it was the 
:solid matter  in suspension which fouled the  carriers  and  the 
land,  and blocked up the pores of the  filtering  material. In 
the  dry  earth systems, a great deal of solid matter  had  to be 
removed, and it was  the expense of that removal which chiefly 
prohibited  the adoption of those systems. In marine  and ticid 
,outfalls, the solid matter  in suspension must  be deposited somc- 
where, either  in  the works themselves, or at  the  nearest  point 
.outside  the  works  where  still  water could be found. This  point 
had  not  hitherto been much discussed. Mr. Bazalgctte appeared 
to  rely  to a great  extent upon the experience of the  outfall sewers 
of the metropolis, and  he  stated  that no silting up had occurred 
there.” He ventured  to  ask  whether  that  statement was made 
upon the  Author’s own responsibility,  or upon  information sup- 
plied  by some one else. Mr. Littler  supportcd Mr. Bazalgette’s 
statement,  and  quoted figures to prove that  the sectional area 
.of the  Thames  had  not diminished, and  that  the  quantity of 
,.soil deposited within a given  area  had  fluctuated considerably. 
Those figures corresponded exactly  with those  given last  year  by 
Sir Joseph  Bazaigette,l  and he, therefore, in  this case also, wished 
to know  whether Mr. Littler  had obtained that  information 
himself, or  had been furnished  with it by others. Even if  obtained 
by Mr. Littler himself,  engineers could not  admit  information 
.and facts on exclusively engineering subjects supplied  by  gen- 
tlemen  outside  the profession. He  had for years bcen well 
acquainted  with Crossness, and so lately as yesterday  he  went 
down  the  river  to examine its  present condition. He  had had 
acceks to  the  plans of the Thames Conservancy, enlargements of 
aome of which,  from a little above the  Barking  outfall  to a littlo 
below the  southern  outfall  at Crossness, were now exhibited 
(Plate 6). It was evident from these that a large deposit of mud 
had taken place. One of the cross sections had been taken opposito 

Vide Minutes of Proceedings Inst. C.E., vol. xlv., p. 192. 
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the  southern  outfall ; another opposite Barking ; and  the  third  in 
Woolwich Reach, opposite Woolwich Pier. Those sections showed 
that  a  huge bank of gelatinous  sewage mud  had formed opposite 
Crossness. I ts  maximum depth  was 11 feet, and when there a 
,couple of men pushed a pole down into it 7 feet without  reaching 
the bottom. Opposite Barking  there  did  not seem to be any  great 
deposit, but  there  was a considerable divergence from the  straight 
line,  and it was possible that  the configuration of the shore might 
account for the absence of deposit. At Woolwich, nearly 2 miles 
above Barking,  the whole bottom of the  river was covered with 
mud of a considerable depth. The sectional area of the  river 
might be the same as it always  had  been;  but  that  did  not 
get  rid of the  fact  that a large  quantity of solid matter  in 
suspension in  the sewage was not carried down to the sea, but 
was deposited in  the  river. It was to bc accounted for, he thought, 
in  this  way : The suspended matter  in sewage was of a  gela- 
tinous, flocculent character.  However light it might be, it was 
deposited, he bclievcd, a t  slack periods of the  tide, outside the 
works,  and, owing to its sticky  nature, it there combined with 
the sand, and when the flood tide commenced, the  mixture of sand 
and sewage was forced up  the  river,  where it became ccmented 
together. It was well known that  the tide, at its first flood, 
acted  in a wedge-like way,  and  disturbed  the bottom. That 
might account for the  fact  that sewage sludge  was found in con- 
siderable  quantities above the  outfall,  notwithstanding  that  the 
sewage was only  discharged on the ebb  tide. I n  proof of this dis- 
turbance  he  might  state  that samples of the water  had bcen taken 
during  the flood tide,  and  they showed that whereas it was com- 
paratively clear at  the  top when viewed through a glass  bottle, 
get,  if  taken 7 feet or 8 feet below the surface, it was  thick,  and 
full of suspended matter. These  facts  appeared to show that 
there were disturbing causes ” affecting the “ logical inference ” 
and  that it was not a simple  question of comparativc  velocity 
in the sewer and  in  the  tidal channel. There seemed t o  be no 
doubt  that sewage could not be  discharged into tidal  outfalls 
with  impunity,  and it was no wonder that Colonel Cox in 
his Report  on the  Thames Valley Drainage hesitated, though 
on different grounds, to sanction a Thames  Valley Drainage 
Outfall Sewer, and recommended instead  treatment  by  irrigation 
and precipitation of the sewage of places above London. He 
admitted  that  in  many places outfall sewers might be con- 
structed  with  advantage, especially near  the seaboard. He con- 
tended, however, that,  when discussing the ’‘ Sewage Question ” 

Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



224 MINUTES OF PROCEEDINGS. 

engineers must  take a  broader  view, and remcrnber that  whilst 
the works  were being constructed science was  advancing,  and it 
was  just possible, if not probable, that some means might be found 
for disposing of the solid matter  in suspension without loss, if 
not  with profit. I f  ever that  time came, outfall sewers would 
be unnecessary, and would rank  amongst  the follies of English 
engineers. 

Nr. SHOOLBRED said,  with  regard  to seaboard and  tidal outfalls, 
that  the  town  and  suburbs of Liverpool poured their sewage direct. 
into  the  river Mersey by  about  ten  outlets, which descended from 

. the  heights  at  the back of the  town  in a course mostly at  right 
angles to  the  stream.  The  town  and  suburbs of Birkenhead 
on the opposite  side of the Mersey, got  rid of the sewage in a 
similar manner. The deep and  narrow  gorge  through  which  the 
river flowed in its passage  between  those towns occasioned so con- 
siderable  a  scour as  to  prevent  any deposit of sand  or  other  matter 
at  that  point;  but,  higher up, where  the  river began to widen 
out,  between the  Dingle  and Garston, and lower down outside the 
river proper, a t  Waterloo, also on the Lancashire shore, where the 
sea channel, confined though it was between sandbanks, was  broader 
than  the  river  near its mouth, and the force of the  current  was 
less, a considerable amount of sewage matter  had been deposited 
in  the form of thick  slimy  mud upon what  was  not  many  years 
ago a clear sandy beach. Evidence to  this effect had been given 
before the  Rivers  Pollution Commission in 1869; and recent 
information represented the nuisance as considerably on the  in- 
crease. The  town of Southport,  about 20 miles north of Liver- 
pool, facing  the  Irish Sea, and at   the entrance of the  estuary 
of the  Ribble, also  discharged its sewage by several outlets  into 
the sea. Serious  complaints had been raised  as to  the shore being 
fouled by  the sewage, so as t o  injure  the  bathing ; and  the Cor- 
poration had decided on removing the whole of the sewage by  an 
intercepting  culvert,  which was in course of construction, to a 
point 4 miles higher up the  estuary of the Ribble,  where it 
would be poured into  the  main  tideway, and so it was hoped 
mould relieve the town  from the nuisance thus occasioned. The 
large  intercepting sewer at  Brighton,  and  works of a similar cha- 
racter a t  St.  Leonards  and a t  other places, had  all one object-to 
get  rid of an impending nuisance caused by sewage deposits. Other 
places there were, and  their  number was daily on the increase, where 
thc  evil  had  not  yet assumed such  proportions as  to  require  an im- 
mediate  remedy;  but  still  the  evil existed, and was  a growing one. 
So that a mere tidal  outfall wati not  quite so simple  a  solution of 
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-the question as  the  Author contended. The above facts also dis- 
proved the popular saying  that, provided the sewage was thrown 
into  the sea it would be carried  right away. That  this  was  not 
the case, these examples proved. This  was  due  to  the effect of the 
tidal action upon the  water  having been exaggerated and misunder- 
stood. The  result of the action of the  tidal wave during  its pro- 
gress was  to cause a body of water  to be impelled along with it 
until overtaken by  the crest period of high  water ; after which, the 
force being removed, the  water fell back again gradually  into  its 
-original position, there to await  the  fresh impulse of a succeeding 
tidal wave. The movement thus  imparted  to  the  water waa one of 
oscillation  backwards and forwards, up  and down an inclined  plane 
Yarying in  length  with  the  intensity of the  particular  tidal wave, 
and  certainly  not one of translation  to a distance. The  resultant 
action of deposit near  to  the mouths of outlet sewers might also be 
inferred from the formation of deltas or bars at   the mouths of 
rivers; for outfall sewers were but  filthy artificial rivers. The 
deposit in  the  two cases might, however, be different both in 
character and in situation; for, while  the  river, charged with 
heavy particles of mud and sand, deposited them,  when it came 
i n  direct opposition to  the  tidal  current,  generally  running  nearly 
at right angles to it, the  light flocculent matters  carried  by  the 
‘outfall  sewer, of about  the same specific :gravity as  the  water 
itself,  quickly assumed the motion of the  tidal  stream; slackened 
speed with it, and  with it returned on the flow of the  next tide. 
Thus  they were carried  about for days, becoming divided and 
broken  up, till at  length, on some broader expanse, or in some 
sheltered bay,  where the  current  was less strong,  they were de- 
posited upon the shore. And that deposit was generally  strewed 
along on either side of the outfall, thereby  indicating  the oscil- 
lating action of the  tidal  current.  The indications afforded by 
floats. as to  the  set of the  tide were not  always correct. For 
instance, in  the  river Mersey, which had  two  outlet channels, a 
series of experiments was made some years ago by  the  then Marine 
Surveyor of the port, to  ascertain  the  set  and  rate of the tide. 
The floats were then  all carried  down what  might  be termed 
the secondary channel;  yet  the sewage deposits, already referred 
to as existing below the town of Liverpool, were all  situate on the 
main channel. 

Sir JOSEPH BAZALGETFE said the discussion had  taken a some- 
what wide  range, and had afforded an  opportunity  to Mr. Aber- 
nethy of reiterating  his views, that  the sewage outfalls in  the 
Thames had silted up the  river,  and  that  the proper remedy was  to 

[1YT6-77. N.s.] Q 
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carry  them down to  t.he mouth of the river. Although  these 
ideas  were unsupported  by facts,  when Mr. Littler produced the 
result of careful  observations and surveys  taken from year  to year, 
and explained the process of increase and scour which  alternately 
went on in  the Thaznes, Mr. Abernethy said, “NO, we have  heard 
that before ; we do not  want  to  hear it again.” So long, however, 
as he  reiterated  sentiments  without  facts to support them, it 
would be necessary that those figures should be repeated. Again, 
when Hr. Bateman  and  Sir Joseph Bazalgette reported upon t h e  
drainage of Glasgow, they proposed to  carry  the  outfall  to  the 
Ayrshire coaBt, and  not to Clochinch, 5 miles below Greenock, as 
asserted. I n  1869, the Metropolitan  Main Drainage Outfalls having 
been opened in  1866, a similar  outcry  was raised that  the  Thames 
was  being  silted  up,  and  that  the  port of London would be 
closed, so that  large vessels would not be  able to approach it. 
That  outcry  was  carried  into  the  Rouse of Commons, and it re- 
sulted  in  the Home Secretary  appointing Mr. Rawlinson to  inquire 
into  the  matter.  The  inquiry  was held, and witnesses were ex- 
amined, including Sir John  Hawkshaw, Mr. Bidder, Mr. Hawksley, 
Mr. Haywood, Mr. Gregory, and  many others. The  inquiry was not 
confined to one single  point in connection with  the Thames. It 
embraced the  question of Barking Creek, and of the  silting  up 
of the  main  channel of the Thames. He would not go through 
the evidence  given on that occasion, but would simply  read come 
of the conclusions of the Commissioner, in  his Report of 18G9 
(pp. vi  and  ix) : “ The balance of evidence is  against  the asser- 
tion  that it (the mud) has come from the  metropolitan sewage 
detritus.” “ That  the  main channel of the  Thames  has  not been 
reduced in  depth of water  by  such  detritus. . . . That  Barking 
Creek has  not been closed to Tessels of 250 tons burden.” Mr. 
Shelford had  twitted Mr. Littler  with  having referred to  data  not 
prepared by himself. He also stated  that he had been down the 
river  to examine it for himself, in  order that  he  might  tell  thc 
Institution  the  result of that examination. He  surely would 
not say that  upon a single afternoon’s visit  he  had been 
enabled to see what  had been going on i n  the  river for ten 
or fifteen years previously ? Mr. Shelford, however, had  exhibited 
the  results of careful  surveys.  On the  other  hand, Mr. Littler 
had referred to  the  results of careful surveys. It was exceed- 
ingly  satisfactory  to find that  the only two bodies who had from 
year  to  year made sections of the  river  Thames were the Me- 
tropolitan Board of Works  and  the  Thames Conservators, and 
that  they  had been so accurately conducted that wherever thcy 
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could be compared they confirmed each other. He  therefore 
proposed  on the present occasion t o  adopt  the surveys and sec- 
tions  taken by  the Thames Clonservators, and he exhibited  three 
sections mainly representing those surveys  (Plate 7). Mr. Shelford 
had exhibited sections taken in the years 1861 and 1876. The 
interval embraced a period of fifteen years. But  the outfalls of the 
Metropolitan Drainage were opened in 1866. Why  had not Mr. 
Shelford stated  what  had  taken place before the opening of the 
Metropolitan outfalls?  He now proposed to  supply  that informa- 
tion,  and  to show, from the sections made by  the Thames Con- 
servators,  what  had  taken place between 1861 aod 1867, previous 
to  the opening of the Metropolitan Main Drainage Works. The 
sections he exhibited showed that  within  the  six years  between 
1861 and 1867 a larger  amount of deposit had taken place than  in 
the  nine  years between 1867 and 1876. I f  it mere the fact, as 
proved by those sections, that a large  amount of deposit had 
taken place in  that  part of the  river before the opening of the 
Main Drainage works, it was also clear the deposit could not  have 
been due  to those works ; and it was  a fair inference that  the de- 
posit that  had continued to  take place upon the  bank  during  the 
succeeding nine years was due  to  the same cause as the deposit 
during  the previous nine years, and therefore  was not due to those 
works. Of the sections submitted  by  him  (Plate 7)  one had been 
taken above and  another below Crossness Point,  and a third 
opposite Barking Creek, but  he had no section which would cor- 
respond with  the section submitted  by Mr. Shelford taken above 
the works of the Chartered  Gas Company. It certainly  had 
never occurred to him to  take sections of the portion of the  river 
above the Outfall works, seeing that  the discharge of the sewage 
was upon the  ebb tide, and passed down the  river.  But  the snb- 
ject  had received consideration in 1869, when Mr. Rawlinson re- 
ported with reference to  the  bank of mud opposite the new works 
of the Chartered  Gas Company (p. 5 )  : “This portion of the  river 
has  not been used for navigation purposes, being  out of the main 
tide-way ; and  the  Admiralty  and  Thames Conservators having 
sanctioned the construction of a pier  which projects  forward into 
the  river, so that  this  bay  will most probably further  silt up.” 
Mr. (now Sir  John) Hawkshaw, speaking upon the same subject, 
said (p. 54), “ I think  it  likely  that  they  will diminish in  certain 
places ; but ” (referring  to  the mud-bank near  the Chartered Gas- 
works) ‘‘ I do not think it is likely  that  that  will be  diminished, 
from the fact of there being  something in  the  nature of a groyne 
put  right across it. . . . . I am qnite confident that,  the compietion 

Q 2  
Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



228 MINUTES OF PROCEEDINGS. 

of the  Chartered Gas Company’s pier  will increase the  mud deposit 
at  that  particular bend of the river.” Mr. Haywood said (p. 80), 
the Thames Conservators would not have allowed that  pier to  be 
constructed there if they  had deemed that  the  navigation  at  that 
spot  on that shore was at all  important.  If you look at  the  river 
it is  evident  that it is out of the  line of the  main channel, and  is 
therefore not a matter of importance.” He  thought  the pier and 
works of the Chartered Gas Company were a far more probable 
solution of the cause of the  bank  having been formed above the 
tidal outfalls, than  the assumption that it was  due  to  the discharge 
of sewage a t  Barking  and Crossness, from 2 to 5 miles below the 
Chartered  Gas Company’s works, which passed down the  river 15 
miles, which was at rest at low water, but which it was assumed 
was not deposited while a t  rest, because it had a preference for 
going back 18 or 20 miles in order to deposit in a reach above the 
point of the Outfall. That  idea  was so far-fetched that it required 
no further  argument  to show that it was utterly unsustainable. He 
wished now  to  direct  attention  to  the section of the  river  taken in 
1833. It would be observed that  the  river  was  then much more shal- 
low than  at  present. It had considerably  improved of late years. 
The scour was also  shown, which was much more than  the deposit. 
The  channel  had  really deepened. The cause, he thought,  might 
be  well  explained. Old London Bridge  had been removed about 
1833, and  that,  together  with  the  subsequent removal of West- 
minster  Bridge,  got  rid of a great obstruction in  the bed of the 
river,  admitting of a considerable scour, and  causing  the  general 
deepening of the  river from Richmond to  Barking.  That was 
shown  by  the sections of the Thames Conservators. There were 
published sections which showcd that  there  had been a gradual 
deepening and improvement of the  river  to  the present  time. It 
was  evident  that  the removal of obstructions would deepen and 
improve the channel of the  river,  and  the  placing of groynes, or 
piers, or  obstructions at  any  points would account for any deposits 
that  might  take place behind  them. It had been said that  the 
dredging of the  Thames  had  had something  to do with  the improve- 
ment of the channel. He  had endeavoured to  ascertain from the 
most authentic sources what  had  really been done in  the shape of 
dredging,  but  he  regretted to say  he  had failed to  obtain  the infor- 
mation he desired, and  had been obliged to make the best inquiries 
he could for himself. He believed that  the  Trinity House had two 
dredgers, the “ Goliath ” and  the “ Hercules,” both having been 
employed at   Erith for some years  past. The Thames  Conservators 
also had a  dredger, called the “ Samaon,” a t  work a t  Greenwich ; 
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but none of those had been a t  work upon the reach under con- 
sideration. A Mr. Williams, who dredged the  river for gravel, 
had  two dredgers, the  “Queen Bee,” a t  Raynham Creek, and  the 

Simpson,” a t  work off Crossness. He did  not dredge Thames 
mud, for he could make no profit out of it, but  he  was  permitted 
by  the Thames Conservators to dredge the  gravel where he could 
obtain  it, which he did in  the main channel of the river. It could 
not,  therefore, be said that London was indebted entirely  to Mr. 
Williams for removing the mud or keeping open the channel of 
the river. The subject was not now raised for the first time. I t  
had occupied the  attention of Mr. Bidder, Ms. Hawksley, and 
himself twenty  years  ago;  and  he would quote their  report made 
at  that  time  to show that  the metropolitan drainage was  not 
rushed  into  in a great  hurry,  or  without  full  and deliberate con- 
sideration. In   that  report  there appeared the following table 
(p. 68) by Dr. Hoffman and Mr. Witt,  exhibiting  the condition of 
the  river  at  six places from Kew Bridge  to  the Victoria Docks. 

Total Amount 

Constituents in 
of Solid 

Grains per Crab Tree ’ West- 
Gallon. Ge. ‘ slip near Wands- Bridge. 

London 

worth. Bridee’ 

Organic . 1.844 1 1.992 I 2.359 ’ 1,937  2.194 

River 7Vdtcr. 

1 1 1 1 
25.649 ~ 23.281 

l 
l 

27.681 1 25.340 

--- 

From this it was  manifest that  the  organic  matter nowhere  ex- 
ceeded 2 grains  in 1 gallon, or 3-&.u, and  that it was of nearly 
the same amount in  all  parts of the  river,  and scarcely in excess 
of the  quantity of organic  matter to. be found in  the  waters of 
nearly  all  tidal rivers, and  in  many  non-tidal rivers, whether 
flowing from peopled or uninhabited districts. And  they said 
(p. 74), “In considering the causes of the  turbidity of the Thames, 
it should be remembered that  the amount of solid matter of every 
description  which is poured into  the Thames by  the London 
sewers, is a  comparatively  insignificant quantity,  certainly not 
greater  than 250 tons a-day,  a quantity scarcely exceeding that 
which is cleared out of the docks by manual labour only. The 
mud  incident  to  the  Thames  as a tidal estuary, is largely  in ex- 
cess of the mud projected into  the Thames by  any population on 
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its  banks ; the former is permanent, whilst  the  latter is perpetually 
undergoing  destructive decomposition.” Dr. Letheby at   the same 
time reported that  the  result of careful chemical and microscopical 
examinations of Thames  water  as it flowed by  the “ Dreadnought ” 
hospital  ship  at Greenwich made by Dr.  Barnes, the senior 
physician of the ship, and Dr. Odling, showed that  the  turbidity 
of the  Thames was  due to  the clay washed from the  banks of the 
river,  and  that Dr. Odling’s conclusion in respect of these  analyses 
was  that  the foul  appearance of the  river was not due  to sewage 
but  to  the clay and  other suspended matters.  He added (p. 113), 
‘ L  Another  fact of importance is that,  as we proceed down the  river 
from London Bridge  to Gravesend, the  turbidity becomes greater 
and  greater,  and  the  amount of organic  matter dissolved in  the 
water is progressively increased. Specimens of river  water  haye 
been taken for me a t  mid-stream a t  Higham Creek, Tilbury, Green- 
hithe,  Rainham Creek, Barking  Point,  the  upper  ferry  at Woolwich, 
and  at London  Bridge. The analyses of these specimens are  given 
in No. 3 of the  appendix,  and  they show that when a t  London 
Bridge  the proportion of organic  matter dissolved in  the  water  at 
high  tide  did  not exceed 2 grains  per gallon, a t  Woolwicll it 
amounted to 2.9,  a t  Barking  to 3, a t  Rainham Creek to 2 * 8, a t  
Greenhithe  to 2 3, at Tilbury  to 3 * 1, and  at  Higham Creek to 2 * 7. 
Similar  results were  obtained by examinations of the  water  at each 
of these places a t  low  tide. And as regards  the  amount of suspended 
matter causing the  turbidity of the  stream, it was found that  at  
high  tide  the  quantity  was  greatest  at Greenhithe, in the propor- 
tion of 17.5  grains  per gallon, as compared with 2 . 7  a t  London 
Bridge. At low tide  the  greatest  turbidity  was  at  Tilbury, where 
the  quantity of suspended matter  amounted  to 21 -7 .  These facts 
showed that  the pollution of the  river  is not caused so much by 
the  matters  discharged from the sewers as  by  the  disturbance of 
the  mud  that  takes place during  the  tidal movements of the 
stream,  and  similar appearances may be observed in  every  tidal 
river  in  the kingdom. If, therefore, it be required that  this  turb- 
idity should be lessened attention should  be bestowed on the  banks 
and  the bed of the  stream  rather  than on the sewage  which flows 
into it.” And  he  arrived  at  the conclusion, that “ the  turbidity of 
the  river is not caused by  the sewage  which flows into it,, but by 
the  disturbance of the  mud upon its banks; for, within  certain 
limits,  the  farther we go down the  river,  and  away from the  in- 
fluence of the sewage, the  greater is the  turbidity.” Sir John 
Hawkshaw, in 1869, said (p. 5 4 ) :  “ I think  there is no better 
position ” for the discharge of the  outfall sewers, “ if  you take  the 
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question of cost into consideration.” He ‘then explained that 
Captain Galton, BIr. Simpson, and Mr. Blackwell  estimated the 
Cost  of going 15 or 20 miles lower down the  river  at rE12,000,000, 
as compared with rE3,000,000 or ;E4,000,000. Mr. Hemans, in  
1869, stated (p. 76) : “It does not  appear  to me possible that  that 
mud shoal ” a t  Crossness “ cart be  derived from anything coming 
a u t  of the outfall. The whole river  Thames  is fu1l:of abrasions. 
There is a certain amount of mud and  grit  and sand which is 
washed from the  banks  in  all directions, and of course there will 
be  deposit in places similar  to  that where that shoal occurs.” He 
had shown, then,  by  the evidence and  by  the sections of the Thames 
Conservators, first, that  the bed of the  river  had improved of late 
years; secondly, that  the improvement  was not  due  to  systematic 
.dredging ; thirdly,  that  the mud banks were not formed by sewage; 
fourthly,  that it would be a  wasteful expenditure  to  carry  drainage 
outfalls down to the  mouth of the  river  at a cost of ~10,000,000 
.or rE12,000,000, when  a few hundred pounds  a year expended in 
dredging would remove the mud banks  which now  accumulated in  
those  parts of the  river  where  there  was no tidal influence. The 
last surveJ-s showed that  in  the reach in  question  there  had been 
a decrease in  the  amount of deposit of 411,000 cubic yards since the 
opening of the Outfall works. 

He would now turn  to  the more immediate  subject of the Paper. 
Its importance could not be  overestimated, because one or  both of 
the methods to which special reference had been made must be the 
means of disposing of the sewage of inland towns, and those  methods 
should  be  properly  appreciated, in order that  plans  might  not be 
adopted  which would only  lead to  disappointment  and  to a  wasteful 
.expenditure of money. The  towns  which  had been named as  the 
two chief illustrations of the principle of filtration,  where  the 
largest amount of sewage had been filtered per acre, were Merthyr 
Tydvil  and Kendal. With  regard  to  the former, in  spite of the  state- 
ments of Dr.  Frankland,  and of the  remarks of Mr. Bailey  Denton, 
he  thought  the facts and conclusions stated  in  the  Paper remained 
untouched, and so strongly was he of that opinion that  he would not 
add  any observations. But he proposed to make  a few remarks  with 
regard  to Kendal, the  other example of Intermittent Downward 
Filtration as  applied in  the case of a large population. It appeared 
t o  him  that  there  was  an  error  in  dealing  with  the subject gene- 
rally.  The population of the  town  had been stated,  and also the 
acreage of the  land upon which the sewage  was  to be poured, and 
the one was  divided into  the  other  without reference to  what  had 
been done in  the town  itself, and  the  statement was then made 
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that  the  land  had purified the sewage of so many persons per acre. 
NOW if it were  a  midden or cesspool town, he apprehended that  the 
statement could not be correct. If  the sewage were  otherwise dis- 
posed  of, it could not go upon the land. He  knew it was statecl 
in  the  First  Report of the  Rivers  Pollution Commission, that  thc 
sewage of midden towns was of nearly  the same strength  as  that 
of water-carriage towns;  but upon looking at  the  tables upon 
which that  statement was founded, it appeared that Liverpool, 
Manchester, and Salford,  which had a great  number of houses 
upon the water-carriage system,  were  included as midden towns, 
and  Birmingham,  which was also called  a  water-carriage  town, 
had a large  number of cesspools and middens, and  the  amount of 
water  supply  to those towns was not  stated.  The  amount of 
subsoil  drainage-drainage  passing to  the sewers, which caused a 
large  amount of dilution-was not  stated.  There  were also dis- 
crepancies in  the  tables which, in  his  judgment, prevented a fair 
average  being  drawn from them. He was reminded of what took 
place in London thirty  years ago. The metropolis  was then 
drained mainly  into cesspools, and it was from the  energy dis- 
played by Mr. Chadwick at  that  time  that those cesspools had' 
been destroyed. The  ground was saturated  with them, the houses 
were  rendered unhealthy,  and  to  prevent those  evils the sewage 
was  then  turned  into  the sewers. The  result was the pollution of 
the  river Thames, and it consequently became necessary to  carry 
out  the  main  intercepting system. He  thought a more just con- 
clusion would be arrived  at  by assuming that,  in  the case of 
midden and cesspool towns, two-thirds of the sewage either soaked 
away  into  the  ground  or was  carried to  farms  and  was so disposed 
of, and  that  only one-third remained in  the form of slops, washings, 
and  refuse to be conveyed to  the sewers, and  he proposed to apply 
that  principle  to Kendal. That  town contained a population of 
15,700 persons, of whom 3,030 were in  direct communication with 
the sewers, 10,760 being upon the midden or cesspool system; 
taking  one-third of that number, and  adding it to  the 3,030 would1 
give a total of 6,590. It appeared that of the 16 acres of land, 
5 acres had been laid  out  in  filter beds, and 11 acres were used for 
irrigation.  For  about one-tenth of the  year  the whole of the. 
sewage was  turned upon the 11 acres for broad irrigation,  leaving 
the sewage of a population of 5,930 persons to be disposed of upon, 
5 acres of land,  or 1,186 persons per acre, for  which it was said 
the land was insufficient. The  authorities of the town laid  out 
another 5 acres, making 10 acres  for Intermittent  Downward 
Filtration, or 593 persons per acre applied  to  the  filter beds, 
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which they believed would be sufficient. At present that was a 
matter which  had not been fairly settled, and  the  authorities 
frankly enough said, they proposed to  lay  out  the whole 15 acres 
in filter beds, showing they had no  great confidence that 10 acres 
would be sufficient. These two examples  were no doubt  the most 
favourable under which Intermittent Downward Filtration coultk 
be applied. But at  what cost had  that been done ? The  land 
was bought a t  about. 5250 per acre, and  there  had been an 
expenditure of 5305 per acre in  laying it out, making a  totab 
of S555 per acre. He  thought it questionable whether it would 
not  have been better  to  have carried the sewage of Eendal  to a 
greater distance from the town, where  land could have been 
obtained a t  a  cheaper rate,  and  then  to  have applied it upon the 
principle of broad irrigation,  when a larger  return would have 
been obtained. He  was  far from finding  fault  with  Intermit- 
tent Downward Filtration.  He  thought  both systems  were de- 
sirable  and necessary, and it was  therefore  important  that  no 
exaggerations  should  be imported  into  the subject, which  might 
lead to disappointment and wasteful  expenditure. 

The  alternative  had been to  deal  with sewage upon one of t h e  
dry systems or systems of precipitation. He did  not propose to- 
allude  to all those systems, whose name was legion, but  he would 
say a word upon the A  B C process. It had been stated  by 
Hr. Sillar  that  that process had been tried  in London, and  surprise 
had been expressed that  the Metropolitan  Board of Works  was. 
so silent  about  the means of disposing of the residue. Sir 
Joseph Bazalgette was astonished to  hear  that  remark, remember- 
ing  that Mr. Sillar  and himself had broken  a  lance  upon the 
subject before. According to  his view of the London  experi- 
ence the facts  were as follows : The A B C process dealt  with 
11,000,000 gallons of sewage in  eighty days,  producing 700 tons of 
sludge a t  a cost of 25s. per ton. When  dried  into 142 tons, .the 
cost of drying was $6 6s. 4d. per ton. Mr. Sillar  was  evidently 
an  enthusiast,  but it would not do to be led  away  by enthusiasm. 
Whatever chemical value might  be  put upon the sludge, or  whatever- 
Mr. Sillar’s notion of that  value  might be, it was a fact  that it re- 
mained  a drug  in  the  market,  and could not be disposed of. If  the- 
system  were  applied to London it would cost 6s. 6d. per head per 
annum,  or  six  and a half  times  as much as  the whole amount of 
the  drainage of London. He would give Mr. Sillar  credit for 
having done it a t  a  cheaper rate  at Leeds, but  there  the  same 
amount of purity  was  not obtained, in  consequence of which the 
system had been given  up.  About  one-third  only of the  total sewage, 
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came  to  the outfalls, and  the cost was 2s. 64d. per  head of the 
population, or two and a  half  times the cost of the  main  drainage 
,of London, taking  into consideration the  interest on capital, work- 
ing expenses, pumping,  and  everything else. It was necessary t o  
take a practical view of the subject, and  until it could be shown 
that  the  sludge  was  really of some value  and would go towards 
paying  the  heavy cost, incurred,  the advocates of that system could 
hardly expect it to be adopted. It had been  said that sewage 
sludge  had been sold for S10 or S15 per ton, but  (he did not  apply 
the  remark  to  any  particular body or individual) sewage sold at  
that  price had been ‘‘ fort,ified,” and  was thcrefore sold for  a large 
sum. It was like  putting  ten sovereigns into a ton of sewage, and 
selling it for nine sovereigns, because it would cost one sovereign 
to  take  them  out  again. So the chemical agents  put  into sewage 
mud were  reduced in value 8s the  bulk increased. 

With  regard  to  the  Liernur system, he  knew  that he  was 
treading upon tender  ground, for any one who ventured  to say  a 
word against it was  liable  to  have personal attacks made upon 
him. That had been the case with some gentlemen  appointed 
by  the  Government  to  report upon the  system;  but  in  spite of 
the castigation they  had received, he  preferred to  take  their figures 
to  the figures of the  agents of the  Liernur Company. It had 
been stated  in a book recently published, that  the system had 
been tried at  Leyden,  which  had a  population of 40,000 persons, 
and  applied  to  twelve  hundred  out of that population, or 4% part. 
It had also been applied a t  Amsterdam to 4,840 out of a popu- 
lation of 287,000, or 2n part. Those two places constituted  the 
main experience of the  Liernur system, and  the  result  was  that 
the works had cost S4 per head, or four times  the cost of the 
main  drainage of London. The  working expenses  amounted to 
5s. per head (but it was thought  they  might be reduced to 38.), 
.or five times the cost of maintaining  the  metropolitan main 
drainage system. Besides, the  Liernur system, dealing only with 
the solid portion of the sewage, did  not  carry off the  water,  which 
must be  provided for by  another system. By  that system the 
closets in  the houses were filled, and  the occupants had no  control 
of them. They  had  to remain filled, in a disgusting  state,  until 
some official from the  streets  turned on  a tap, created  a  vacuum, 
.and drew off the nuisance. That  was a state of things  which  this 
country would never  tolerate. All  that  he would say  with  regard 
to  the  Liernur system was, that it did not possess the  merit even 
of being cheap and nasty.” 

Mr. SHELFORD wished to  explain  that  the  plans  and sections 
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exhibited  by  him  had been obtained from the Thames Conserv- 
ancy. 

Mr. LEMON said he  thought  the  gentlemen who had  written 
the Report referred to  by Mr.  Adam Scott could know little 
.about the subject, speaking as  they  did so decidedly about it, for 
all scientific men  were  agreed, that  the more they  studied  the 
question the  greater were their  doubts concerning it. The  Author 
had  stated,  with  regard  to  the  precipitation process, that no 
chemical process could efficiently deal  single-handed with sewage, 
but must be assisted by some artificial means. He agreed in  that, 
but was not prepared to make such  sweeping  assertions as were 
contained  in  the Paper. There were places where  the precipitation 
process might be  regarded as a choice between two evils. Taking 
the case of Birmingham, he  did  not suppose that  any local authority 
had bestowed more pains  to  ascertain  what  was  the  right system 
t o  adopt than  had  the local authority of that town. They  went  to 
Parliament  to acquire land,  but were  beaten on a  division in  the 
House of Commons by  the votes of the landholders themselves-a 
,circumstance  unparalleled in  the  history of sanitary legislation. 
They  then  went  to Mr. Hawksley, who advised them  to adopt the 
dime process, as  he  thought  any  other member of the  Institution 
would  have done under similar circumstances. With  regard  to  the 
application of sewage to  the  land,  he  quite agreed that  that was 
the  right course, especially when  sewage was discharged into a 
potable  stream, but  he  thought  that  the  data  laid down as  to  the 
proportion of sewage to  an  acre were fallacious. The basis upon 
which the  quantity should be estimated  should be, not the propor- 
tion of the population to  an acre, but  the  number of gallons dis- 
charged upon an acre. The sewage or  the dry-weather flow of 
towns varied considerably, ranging from 17 gallons  per head in  the 
.case  of Blackburn  to 64 gallons in  the case of Warwick. The 
average of all towns  was about 33 gallons, including subsoil 
.drainage. He  did  not  t,hink  that engineers  paid sufficient attention 
t o  the question of subsoil  drainage. They believed that  the 
drainage would find its  way  by  the sewers, and so it did  as a 
rule,  but  that was rather a  slovenly way of dealing wit,h that 
question. If there was a large  amount of subsoil water it ought 
t o  be faced boldly, and  dealt  with on an efficient system. I n  
Winchester,  which he  had  just  laid  out,  there was  a large  amount 
of subsoil water, and  he  had devised a method by which it would 
be discharged into  the  river  at  all  available points. VVith reference 
t o  the  amount of drainage  or  dry-weather flow stated in the  Report 
of the Royal Commission as discharged on land, he observed that a 
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large  amount of it was  subsoil drainage-at Eendal350,OOO gallons 
out of 750,000, or nearly  one-half; at  Warwick  one-third was subsoil 
water; at  Rugby 150,000 out of 400,000 gallons;  at Bedford 
300,000 out of 700,000 gallons. When such an enormous quantity 
of subsoil water was  discharged on a  sewage farm it greatly  in- 
creased the difficulty of dealing  with  the sewage. 

As to  tidal outfalls,  he had carried out works on tidal  streams, 
and could not indorse the opinion expressed by  the Author. He 
did  not  think  that  throwing  the sewage into  the sea was the  right 
thing, even under  the most favourable  circumstances. The most 
favourable place he  had seen for the discharge of sewage was 
Portsmouth, where it was  sent  out a t  a great velocity. At South- 
ampton, where  the sewage was discharged into Southampton 
Water,  he  had constructed some works, about ten  years ago, 
somewhat after  the Metropolitan model, discharging  the  sewage 
on the  ebb  tide,  as  in  the case of the Thames. The position 
was more favourable  than Crossness or  Barking, because the  ebb 
tide discharged it a t  a greater  velocity;  but even under  those 
favourable  circumstances there was a deposit at  the  outfall,  which 
had  to be occasionally removed by dredging. That was  a pretty 
good proof that  something more 'was required than  flushing t h e  
washings of the sewers into  the sea. At  Barking  there  was a fall 
towards  the outlet,, and  arrangements were made, by flushing- 
culverts  and otherwise, to flush the deposit into  the  river.  That 
he  maintained  was a wrong principle. He had  had  ten years' 
experience of it, and he  was now adopting a  different principle in 
some other works not  far off, making  tanks,  intercepting  and  not 
encouraging washings or Bushings of the deposit into  the  river- 
He  thought  that  all outflow tanks should be lowest at  the  inlet, 
and  that  the mud deposited by  the  outfall sewer  should be pumped 
out  by a mud  pump or other means, and  not be flushed into the 
rivers. It was clear to  his  mind  that, in consequence of the  in- 
efficient  means adopted in  London, a large amount of detritus. 
must  be washed into  the  river.  If proper  means  were  adopted 
to  intercept  the  silt,  either  by a  systematic removal of the deposit 
in gullies, or  by  better  arrangements at   the outfall  tanks,  there- 
would not be that deposit in  the  river  which  was said to  exist 
by Mr. Abernethy,  but denied by  Sir  Joseph Bazalgette. 

Mr. BAZALGETTE, in  reply, said the first remark  that called for 
any comment was one made by Mr. Shelford, who  stated  that 
several publications-and, amongst others,  the  recent  report of 
the Local Government Board-afforded abundant  mat.ter for the 
compilation of a Paper such as  had been read. He did not  dread 
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*he suspicion of plagiarism ; but  if Mr. Shelford had looked at the 
first page of the  Paper,  he would have found that it had been 
lodged in the  hands of the Secretary of the  Institution before he 
could have  had access to  that report. It was, however, a  remark- 
able fact,  going  far  to corroborate the soundness of the conclusions 
which he  had  ventured to  lay down, that those  who  were  much 
more qualified to judge upon the subject than himself, had, by  an 
independent process of reasoning, and  by  the aid of different 
materials, arrived a t  conclusions almost  identical with  his own, so 
far  as  they  had  travelled side by side. As to Mr. Shelford’s remarks 
with  regard  to Mr. Littler,  he  had  felt  that  the  burden of the 
discussion was too much;for him to bear; and Mr. Littler, therefore, 
had, at  his request,  replied to Mr. Abernethy upon the question 
of tidal outfalls. Mr. Shelford had asked whence Mr. Littler 
obtained  his information. Was it outside the walls of the  Insti- 
tution ? because if so, he must deprecate the idea of a person who 
was  not an engineer or an  expert  obtaining information from 
outside, and  then  using it as though  he were an expert. But 
although Mr. Shelford had  laid down that  rule,  he was himself 
the first to  transgress it; for he  stated  .that  he had had access to 
the  plans  and sections of the  Thames Conservancy, in  the same 
way  as Mr. Littler  had  had access to  the  plans  and sections of the 
Metropolitan Board of Works ; and  he proceeded to  argue from 
his information in  the same sense as  that  in which Mr. Littler 
had  argued from his. Dr. Frankland  had remarked upon a state- 
ment in  the  Paper  that much  progress had  not been made in  the 
sewage question, so far  as discovery and  invention were concerned, 
within  the  last  quarter of a century,  and  that it was  not  likely  that 
much  progress would be made within a corresponding period, and 
he  had called that  statement  an ungenerous one. But  what was 
the  fact ? Taking  the systems one by one, the  lime process was 
introduced  a quarter of a century ago a t  Leicester ; and it had been 
stated  in  the course of the discussion that  any member of the  Insti- 
tution would have recommended a t  Birmingham,  if  he  had been in 
Mr. Hawksley’s position, the same process in operation there now, 
namely, the  lime process.  Could. it then be  said that chemicals 
had made much  progress ? Then  with  regard  to  irrigation,  he 
might be accused of eccentricity or quaintness if he referred to 
the Mishna,’ in  which it was stated  that Jerusalem a t  one time 
sent its sewage down the valley of Kedron, where it irrigated  the 
King’s  Gardens, and was there collected in  tanks,  and  the solid 
matter sold to  the  gardeners  in  the neighbourhood for a  trespass 
offering: so that  the best form of irrigation as  practised in  the 
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present day was practised at  Jerusalem. But  without going  back to 
such  ancient days, irrigation was practised upon the  Craigentinny 
meadows more than a century ago. With  regard  to  tidal outfalls, 
one gentleman learned in sewage botany  had described the absorp- 
tion of sewage by different plants,  and  had spoken of the effects of 
tidal outfalls with  regard  to Rome and  the Cloaca Maxima, Samsoon 
on the Black Sea, Smyrna,  and Ephesus. As to  the  dry  earth 
system, he need hardly  say  that it was as old as  the feline race. 
His remark  that  there was not  likely  to be mucl; progress in  future 
was  not made without  an object. A feeling  appeared to be prevalent 
among sanitary  authorities  that some miraculous intervention would 
take place to  enable  them t o  arrive  at a  solution of the sewage 
question so that it might be set  at  rest. Resolutions had been 
adopted and speeches made by prominent members of local boards, 
such  as  that  at Leeds, where the A B C system had been tried up to 
the  last moment, stating  that  they were in hopes that further- 
discoveries would set  their doubts a t  rest. He  ventured  to  think 
that  that  waiting upon Providence had a most mischievous effect. 
The  subject  had been fairly exhausted ; and  if local boards and 
sanitary  authorities would only  make up  their  minds to grapple 
with it as it stood, and  avail themselves of the  materials  at  hand, 
they would be doing much  better  than  leaving  the question t o  the 
Great Unknown. 

With reference to  the first division of the subject, that of chemical 
treatment,  he  had,  in a sense, arraigned  many processes, not  to con- 
demn them, or in  any  partisan  spirit,  but  to  determine  what was the 
proper  province of chemistry  with  regard  to  the  treatment of sew- 
age. Only  two  or  three speakers had answered the  arguments  he 
had  put forward. The  points  he  had mentioned in  detail  had  not 
been taken  up ; and  in  very few  instances had  anything  like  an 
inaccuracy been pointed out. Mr. Sillar  had  not  dealt  with one of 
his arguments. His method of meeting  them  was remarkable. 
He  had  exhibited a paper containing a  sample of dry sewage 
manure,  and also a bottle  containing a fish in  a state of exuberant 
vitality. Months had passed, he said,  since the  water  had been 
taken, and  that he regarded  as a proof of its purity. Mr. Sillar 
called it water,  but Mr. Bazalgette called it sewage, and he be- 
lieved if it had  not been sewage the fish would not  have been 
alive  after so long a time. If Mr. Sillar would take  an excursion 
down the  Thames upon a sunny  day,  he would find abundance of 
fish, at   the places where sewers discharged into  the  river, feeding 
upon  the sewage as if they  liked it. I f  Mr. Sillar pointed to  the 
fish as a standard of purification, i t  was  certainly  not a standard 
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that would be accepted by  the  Thames Conservancy. As for his 
sample of dried sewage  manure, it was easy enough to produce 
such a specimen, and it had been done over and over again. 
Those who gave evidence upon the  Birmingham Sewage Bill  might 
remember a  witness from Rochdale, who came with  his coat tails 
literally crammed with samples of dried sewage manure,  which  he 
produced one by one and  submitted  to  the Committee. It was 
easy enough to produce a fsccal cake;  but  the difficulty was, when 
it was produced, how to dispose of it. At Leeds, where the A B  C 
system  was in operation, an enormous amount of accumulated 
sludge, or manufactured sewage manure,  had been left upon the 
ground. Why  was  that, if it was so valuable  and commanded a 
ready sale ? What  he desired to look a t  was not  the chemical 
valuation,  but  the  real value which  the  thing possessed. It ap- 
peared that  the Corporation of Leeds had contracted to dispose of 
this sewage manure for 12s. a ton,  a price wholly inadequate  to 
defray  the cost of treatment. As to  the remarks of Mr. Crookes, 
he  had  not claimed to be an  authority,  but had only  brought 
forward facts and conclusions t o  enable others, if they could, to 
expose their inaccuracy. Instead of doing  this, Mr. Crookes, after- 
shelving  the experience of the  past,  had  entered  into a learned 
theoretical  dissertation upon the  merits of chemicals, and, above. 
all, of alum, blood, and charcoal. It would have been better  if  an 
explanation  had been given of the shortcomings of the A B  C pro- 
cess, as  stated  in  the  Paper,  and of the reasons why it had been 
abandoned in  many towns. As to  the observations  upon second- 
hand or derivative knowledge, he would merely  remark that,  until 
reminded to  the  contrary,  he  had  thought  all knowledge was more 
or less derivative. The  report of the  Rivers  Pollution Commis- 
sioners would bear out  the expression that  their conclusions as to 
the A B C process were " based upon the most irrefragable  evi- 
dence.'' So far from agreeing  that  the A  B  C process was  the 
system of the  future,  he believed it was one of those systems 
which  by experience had been deprived of exaggerated excellence, 
and  had been reduced to a more appropriate level. At Crossness, 
indeed, the sewage was purified sufficiently, but  in  that case there 
was a bankrupt expenditure. 

On the subject of irrigation he desired to correct one mistake. He 
had  stated  that,  though no profit could be made from the  cultivation 
of crops by  the  sanitary authoritie,s, a moderate profit might be made 
by  the farmer. But  in  his final conclusions he had  stated  without 
any qualification, that no profit could be expected from the  cultiva- 
tion of crops, and  he now desired to correct that  in accordance with 
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&he previous statement.  With reference to  the value of sewage as  an 
irrigant  he  wished t o  say a few words. He had said that no less 
than 70 per cent. of the  nitrogen contained in  the sewage ran  away 
in the effluent, leaving only 30 per cent. of fructifying  matter  to 
the  credit of the crop. Dr. Frankland  said  that was an  extreme 
case,, and  that  though  the inference was fair,  yet  taking  the 
.analyses as a rule, it would be fairer to say  that one-third of the 
fructifying  matter passed away in  the effluent. If  that view had 
-only been started for the purpose of obtaining  such  an admission 
from so eminent a chemist he should hare been satisfied. Mr. 
Hope had  stated  that 10 per cent. of the  nitrogen was the  amount 
passed away in  the effluent in  his  farm;  but Dr. Frankland 
said, as  the  result of general experience, that  one-third passed 
.away. It appeared that  he (Mr. Bazalgette) had  not carried 
the  analysis,  which  was  that of Dr. Frankland,  quite  far enough. 
It was true  the 30 per cent. might  not  in  the shape of car- 
bonate of ammonia, having become volatilised,  pass away  into 
the  air.  But  what was the case with  chlorine? It was  not 
abstracted  by  the soil, and  not added to  by  the subsoil water, 
and it ought  therefore  to be found in  the effluent in  about 
the same  proportion as  in  the sewage : but  in  the sewage it was 
22 I, and in the effluent only 13 * 4. What was the reason for 
this reduction ? Clearly, dilution.  Applying  that to  the  nitro- 
gen it would appear  that  the 30 per  cent.  credited to  the crops 
was more than disposed of by  dilution.  Taking  the  table  as 
it stood, it was  remarkable that  little  or no nitrogen,  or minus 
nitrogen,  had gone to  the  plant.  With reference to downward 
atration, if that  were  a  chemical  issue  he should consider it 
presumption on his  part  to  enter  the  lists  with Dr. Frank- 
land ; but  as Dr. Frankland  had supplied the  data from which 
the inferences might  be  drawn, it became a  simple question of 
common sense and  arithmetic,  and therefore h0 ventured  to differ 
from  him. But before referring  to  the  actual figures he  thought 
that some margin  ought  to be left for the  unreliability of labo- 
ratory experiments. I n  performing an experiment,  Dr. Frankland 
selected a particular soil, and packed it layer  by  layer  in a glass 
vessel, thus  getting  rid of the  irregularity of composition found 
in  the  actual  filter  bed;  there was no accidental substratum 
of clay  here  and  there ; all was regular  and even. Then  the 
fact of packing  the soil and  agitating it loosened it to a certain 
extent, SO that  it was in  that  respect different from the soil of 
the  filter bed. I n  order to  get  the sewage he  put a bucket  into  the 
sower and  drew off the  top waters, avoiding  all those heavier 
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matters which floated towards the  invert  and  went upon the  farm, 
tending to clog the pores and impede filtration. Again,  in  pouring 
the sewage upon the artificial ftlter  he did  not  pour in  the  way 
in which it went upon the  natural filter bed, half the  daily  quan- 
t i ty going in  six hours, but he distributed it evenly,  weighed 
out  the chemicals, and  gave each particle of sewage its right pro- 
portion ; thus  there  was  not  the rough-and-ready sort of admixture 
that took place when the chemicals were simply placed in a 
depositing tank  with  the sewage and  stirred  up together. The 
process went on quietly.  But where  was the  rain  that flooded 
the farm and impeded filtration ? Where  the  sun  that drew off 
exhalations ? Where  the  wind  that wafted them  to contiguous 
habitations? Those disturbing elements  were absent;  and  the 
result of the  laboratory  experiment was more favourable than 
could ever be obtained under  the conditions of nature.  He had, 
however, made no  deduction on that account in  testing  the 
accuracy of the experiments. But  to come to  the  direct issue, 
the  Rivers  Pollution Commission, in  their first  Report, pp. 63-69, 
had  set  out  the detailed results of six experiments by Dr. Frank- 
land,  showing  the effect of the downward  filtration of London 
sewage through  various  kinds of soil. On the  faith of these 
experiments they  had advanced the proposition that  the sewage of 
3,333 persons could be permanently purified upon a single acre of 
soil, drained 6 feet deep. He, on the  other  hand, maintained that 
the experiments only justified  a  proportion of less than 2,000 
persons to  the acre, and  that, consequently, about 1,500 persons 
to  the acre had been added by  the Commissioners above the 
proportion warranted  by  the experiments.  Dr. Frankland  had 
defended the conclusions of the Commissioners; and which was 
the correct  view  was  now the question. He had  treated  the experi- 
ments in this way. He  found  that six had been set  out  in  t,he 
report,  and  that  in each case the  result of the  experiment  had 
been to show that,  up to  a certain point, purification could be 
effected, but  that beyond that  point purification began to fail. 
The first point, for the purpose of his  argument, he called a  positive 
result,  and  the  latter a negative'result. Now, as the Commissioners, 
in  advising a  proportion of 3,333 persons to the acre, were speaking 
with reference to permanency of effect, it was  clear that  the nega- 
tive  results, where  purification was  falling off, ought  not  to  have 
been taken  into account as  inducing such  a conclusion. To test 
the Commissioners' proportion, he had discarded the negative results 
and simply dealt  with those  which  indicated the  extreme  point a t  
which  purification could be properly effected ; and, considering 
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that it was  a standard  laid down  for permanent  and  practical use 
which  was  in question, and  not a merely theoretical idea, he 
thought it could hardly  be said that,  in  refusing  to consider the 
negative  results,  he  was  not  dealing  fairly by the experiments. 
Taking,  then,  the mean of the positive results of the  six experi- 
ments, he found that purification  was effected at the  rate of 5 9 
gallons  per cubic yard of soil in  twenty-four hours, or  in  the pro- 
portion of less than 2,000 persons to  the acre, drained 6 feet deep. 
Thus  the Commissioners, in  mentioning 3,333 persons to  the acre, 
were about 1,500 over the mean, and even in excess of their  highest 
positive result,  which was 9.9 gallons  per  cubic yard  in  twenty- 
four hours. Dr. Frankland had,  accordingly, to account for an 
addition of 1,500 persons to  the  acre above what Mr. Bazalgette 
said  the  experiments  warranted.  How  did  he  set  about  this  task ? 
First,  he  began  by  rejecting  all those experiments  which would 
not  support  the desired  result. Three  out of the  six experiments 
were thus cast aside. In the case of the first experiment, through 
sand  and  chalk,  the glass vessels were too small;  in  the ease of 
the second, through peat, it was undertaken  purely in  the  interests 
of science ; and  in  the case of the  third,  through  Barking soil, it 
stuck  in  the  cylinder so that  the purification was unsatisfactory. 
Hence  Dr. Frankland  argued  that,  out of the  six experiments,  these 
three  must be laid aside, before proceeding to  test  the accuracy of 
the conclusions which  had been founded upon them. But  there  was 
not a word about  this  in  the  report.  Not a word to show that a 
process of selection had been employed. On the  contrary,  the 
Commission, in  speaking of these experiments, invariably referred 
to  them in a collective sense, If  they did not  support  the Corn- 
missioners’ conclusions, he would ask why  they were set  out  in  the 
Report,  and referred to  with  the  remaining  threc experiments, as 
the collective bases upon which  their conclusions  were founded ? 
But even after  Dr.  Frankland  had employed this process of rejec- 
tion  and selection, he was still far from having accomplished the 
desired end. For,  taking  the positive results of the  three selected 
experiments-9 * 9 gzllons per cubic yard  in  twenty-four hours, in 
the case of the  Dursley soil ; 7 -  6 gallons of the  Beddington soil, 
and 4.4 gallons of the Hambrook soil-their mean showed that 
purification could only be  effected at  the  rate of 7 gallons  per cubic 
yard  in  twenty-four hours, or in  the proportion of about 2,300 
persons to  the acre drained 6 feet deep. Even  with  the  three selected 
experiments Dr. Frankland  had  still to  explain, with  regard to the 
statements of the Commission, an  error of 1,000 persons above what 
the mc:m would justify. KO longer confining himself to  the  psi- 
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tivo,  he  was obliged to  have recourse to  the  negative  results of the 
experiments, and  to  import them into  the calculation upon which 
the Commission had founded their conclusions. Surely, if he stopped 
there,  having directed attention  to  the  fact  that Dr. Frankland  had 
now been forced to  admit  that  the Commission, when they  had 
laid down a  practical standard of 3,333 persons to an acre  drained 
6 feet deep, had  taken  into account the  results of experiments, 
where  purification had  actually failed, he would have  justified the 
assertion made in  the  Paper,  that those  experiments  had been 
strained beyond their  legitimate effect. But  he  must follow Dr. 
Frankland‘s reasoning  a step  further, for there was so much con- 
tradiction between the  statements  in  the First Report and  in  the 
discussion, that it was  absolutely necessary to refer to  tl~is dis- 
crepancy. He would take  the  three soils selected by Dr. Frank- 
land, one by one, and compare the  language used in the  First 
Xcport of the Rivers Pollution Commission with  the  language used 
in  his recent argument.  With  regard  to Dursley soil (p. 69 of the 
I ieport),  Dr. Frankland  had said, “ One cubic yard of Dursley soil ” 
can cleanse no less than 9 9 gallons in  twenty-four hours.” Even 
when the  rate of filtration amounted to 12.4 gallons per cubic 
Jard  in  twcnty-four hours, the sewage was  greatly ameliorated, 
though  not  quite satisfactorily cleansed.” But  in  the discussion 
he had  taken  into account the  negative  result, 12.4 gallons, whwe 
the sewage was ‘‘ not quite satisfactorily cieansed,” for the purpose 
.of supporting  the Commissioners’ conclusions. Secondly, as to  the 
Beddington soil. In  the Report (p. 65)  it was shown “how satis- 
factorily  the sewage is purified even at  the  rate of 7 * 6 gallons  per 
cubic  yard of soil per diem. But when this  rate was doubled the 
nitrification ceased, and  the pores of the soil became blocked up so 
that they would no longer transmit  the whole volume of sewage 
supplied and also afford time for aeration.”  Contrast this  with  what 
he  had said of this soil in  the discussion: “The Beddington soil puri- 
fied with  the  greatest readiness 7 * 6 gallons of sewage per  cubic yard 
of soil ” (ante, p. 193). Here  the words, “ with  the  greatest readiness,” 
in  the discussion were substituted for ‘‘ even at  the  rate of ” in  the 
report. Thirdly, Hambrook soil. The contradiction here was com- 
plete. In  the Report (p. SS), it was  said : “Whilst one cubic yard 
of  sand  or of Hambrook soil cannot  continuously and  satisfactorily 
purify more than 4.4 gallons of London sewage per  twenty-four 
hours,” &c , in  the discussion i t  was : “ The Hambrook soil, which was 
inferior to  the others, purified most efficiently 6 * 2 gallons per cubic 
yard  in  twenty-four hours ” (ante, p. 193). He would leave i t  to Dr. 
Frankland  to explain the  diffaence between 4.4 and 6 . 2 ,  for  he 
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could  not. He would ask  if this was the  right  way  to deal with 
laboratory  expcriments for the purpose of founding  a practical con- 
clusion. First  to  reject;  then  to  select;  then  to  take  the  highest 
extreme a t  which purification could be  effected, and  to  add  to  that 
three  other results-(l)  sewage not satisfactorily  cleansed; (2) 
filter ceased to  act; (3) purification  absolutely ceased-for the 
purpose of raising  the mean result  as  high  as possible. Were 
these  results present to  the Commissioners’ minds  when, in  their 
Third Report (p. 51), they wrote, “ The  laboratory experiments, 
on which we  build our confidence in filtration  thus conducted for 
cleansing  sewage, may be considered conclusive as to  the  satis- 
factory  and  permanent efficacy  of t.he remedy thus provided.” 
Yet such was  the  argument pursued by Dr. Frankland  to sup- 
port what Mr. Bazalgette  had  ventured  to call the exaggerated 
standards of the Commissioners ; and  he now submitted  that  this 
method of reasoning-if indeed it was  that which had induced  Dr. 
Frankland  and  the Commissioners to  lay down such standards- 
established the  exaggeration  out of their own mouths. But 
Dr. Frankland’s  argument  was  not merely unsound; it was 
also an  after-thought, which had never occurred to  Dr. Frankland 
previously to  his speech, as  he would show. On p. 69 of the- 
Report, Dr.  Frankland  had  stated : “ These analytical  results show 
that,  the  Dursley soil  surpasses all  the others  experimented  upon, 
in its power of purifying sewage.” Now the  highest positive result 
of Dursley soil  was 9 * 9 gallons ; and  the  next  highest  was  that of- 
7 . 7  gallons, in  the case of Beddington  soil. Thus  the Commis- 
sioners, as  the above passage proved, must, in laying down their- 
standards,  have been speaking  with  regard  to  the positive and not; 
to  the  negative  results of this  experiment, for the above statement 
became untrue  when  the  negative  results were  imported. In  the 
discussion, however, by  introducing  the  negative  results, Dr. Frank- 
land  had  got  Beddington  up  to 11 * 4 gallons, as compared with 
Dursley 11 * 1 gallons, and so had made Heddington surpass  Dursley 
as  to its purifying power, in  direct contradiction to  the above 
statement  in  the Report. Other  remarks in  Dr. Frankland’s 
speech called for  brief comment. He had complained that  the 
Paper  had  stated  that  the Commissioners, in  speaking of Merthyr 
Tydvil,  had placed it on record that  the sewage of 50,000 persons. 
had been pumped on 20 acres. This record he  had asserted to  
exist only  in Mr. Bazalgette’s imagination. Upon  p. 131 of the 
Paper,  the  authority  had been given for that  statement. Dr. 
Frankland seemed inclined  to  think  that a  subsequent passage 
in  the  report,  referring  to  the fact that  rather more than one- 
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rthird of the  inhabitants were connected with  the sewers, had 
sufficiently qualified and explained the Commissioners’ statement, 
-and reduced the proportion of population to acreage to  only one- 
third. Such an answer might be  a good one if it were  urged by  or 
on behalf of any one except the Rivers Yollution Commissioners, of 
whom Dr. Frankland was one ; for in  the same Report (pp. 23-30) 
they  had  taken  the most elaborate pains  to prove, in comparing 
-the midden with  the water-closet system, that connection with  the 
.sewers did  little or nothing  to reduce t.he sewage in  volume or 
strength. Hence the so-called. qualification was, coming from the 
Commissioners, no qualification a t  all,  and  the correction of Dr. 
Frankland,  as a Commissioner, a correction which  was  inconsistent 
with  the views to which he stood pledged ; for it was impossible 
that  he could be allowed to use the same argument  to prove two 
.exactly antagonistic conclusions. With  regard  to  what  Dr.  Frank- 
land  had said upon the subject of the analyses of the  Merthyr 
.sewage and effluent, as showing that  deterioration  in  the  quality 
.of the effluent was taking place, he would only observe that these 
analyses had  not been carried to  their proper extent, for, in the 
results,  the  dilution of the sewage by  infiltration of subsoil water, 
.and  water from the Taff, had  not been considered. Mr. Henry 
Law, however, had  dealt sufficiently with  this question. 

Before leaving  the consideration of Merthyr,  he would correct 
.another inaccuracy of Dr.  Frankland‘s,  who had affirmed that, when 
Mr. Harpur  had spoken of a  proportion of 500 persons to  the acre 
as  representing  the  limit of safe application, he was speaking  not 
of the  capacity of downward filtration,  but of the  largest propor- 
tion which ought  to be adopted consistently  with  the  growth of the 
crops  upon the filters. But  what Mr. Harpur  had said was  this : 
L‘ I do not  think it would be safe, generally, to  place more sewage 
than  that of 500 to  the acre.” Now would he  talk of “ safety ” if 
he  were speaking merely of crops?  or  was  he  not  rather  referring 
to  the  purifying power of the soil ? This answer of Mr. Harpur’s 
.should  be  read in connection with  the context on p. 137 of the 
Paper.  Dr. Frankland  still seemed to  think  that downward 
filtration  was a discovery, and  had  attempted  to show that 
he  was a discoverer in  the same sense as Gossage, Reichenbach, 
.and Young. True,  these men  were real inventors, and  yet mere 
imitators of nature.  But Dr. Frankland seemed to  argue  that  any 
imitation of nature  was necessarily an invention. As for down- 
ward  filtration,  he  had  yet  to  learn  t.hat  putting  in  drains  to  the 
depth of 6 feet, combined with  an  intermittent  distribution of 
.sewage, vas  an inrention in any  true sense of the term. One 
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passage more from  Dr. Frankland’s remarks, and he would pass t(7 
Mr. Bailey Denton. It referred to downward filtration,  and  was 
to  this effect: “This process the  Author spoke of rather con- 
temptuously,  and laboured hard  to prove, first, that it was  not new ; 
secondly, that it was  not  true ; thirdly,  that it never had,  and  never 
could have, any existence; and  then, somewhat inconsequently, con- 
cluded by recommending its adoption’’ (ante, p. 101). Dr.  Frankland, 
subject  to one slight qualification, could have scarcely summed u p  
his case better for  him.  Downward filtration was not new. Down- 
ward  filtration  was  not  true,  in  the sense in which it appeared in 
the Commissioners’ Report. As regarded the  third  statement,  he 
would ask  Dr.  Frankland  to  restore  the words which he hacl 
omitted  when  he made the  Author come to  the conclusion that. 
downward filtration “ never could have any existence.” He would 
find thew. on p. 158 of the  Paper ; they were, c‘ Intermittent Down- 
ward  Filtration, as expounded and explained by  the  Rivers  Pollu- 
tion Commissioners, has never had  and never  can have  any  practical 
existence.” With  that qualification,  he  adhered most strictly  to  the 
statement. 

With  regard  to  the  remarks of Mr. Bailey Denton, who had saiJ 
that  he  was  content  with  the Author’s conclusions, but  totally 
rejected the means by  which  they were arrived  at,  he observed 
that,  as no  reasons for the rejection  were given,  he presumed that 
the means would stand. Mr. Bailey  Denton  likewise  said that  the 
important question  was, not  whether  the sewage of 500 persons 
could be applied to  an acre, but  whether crops could be grown, 
so as  to afford relief to  the  ratepayer. Mr. Bazalgette ventured 
to  think  that purification came first, and profit second; but 
Mr. Bailey  Denton  appeared to think otherwise. A question had 
been raised as to whether’the measurement of the beds a t  Kenclal 
was 44 acres or 5 acres. He had, however, a letter from Mr. 
Banks,  the  Surveyor,  which  quite corroborated his  statement. 
His  remarks  with  regard  to  Rendal  and  Merthyr,  and  other 
available experience of downward filtration, remained totally 
unchallenged. As to  the profit of crops, he would leave  %fr. 
Bailey  Denton in  the  hands of  Mr. Henry Law,  who had  fully  dealt 
with  that subject. Mr. Field  had said that  the  works  at  Merthyr 
Tydvil  might  have been carried out a t  half the cost if they  hadnot 
been made two or three  times over. If  that were so, how did it 
happen  that, according to Mr. Rawlinson’s report,  the worlrs at  
Merthyr cost S230 per acre, while those a t  Kendal cost S280 pcr 
acre ? He  thought  that  the  explanation would be  found jn a 
letter  he  had received from Mr. Baldwin Latham, who had been 
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to  Merthyr  with  the view of advising  the Aberdare authorities 
as  to  carrying out a joint scheme of sewage  disposal with  that 
town. The  letter was as follows :- 

“For  the  last  fortnight I have had, and  still have, under con- 
sideration,  questions relating  to  the  Merthyr sewage farm, and I 
have been very  surprised  to  hear  in  the course of the discussion 
the misuse which has been made of Mr. Harpur’s name. I have 
known Mr. Harpur for many  years as a man of great experience il l  
matters  relating to the construction and  working of systems of 
sewerage and  other  sanitary works, and  his experience is of a far 
longer  and more general character than  that of those  who have 
attempted  to  dispute  the facts with which  he  has  supplied you. I 
have  always found Mr. I-Iarpur to  be an honourable member of a 
noble profession, and  what he has stated  with reference to  thc 
intermittent  filtration area at  Xerthyr  may be taken  to be abso- 
lutely correct. \\‘ith referenco to these filters, I may inform you 
that, on my recent visit  to  the  Merthyr sewage farm, I found that 
-they were being  dunged with solid manure  at a rate exceeding 
20 tons  per  acre ; in fact they  are not used as filters at  the present 
time, except in  the sense that  all  the  rest of the  land is so used, 
for although a large  sum of money has been expended in  laying 
out these  filters, it is found by experience that  there is land on 
other portions of the  Merthyr Board‘s farm which is far more 
efficient as a filter  than these  artificial filters. With reference to 
the construction of these interrnittent filters, the  nearest  drains  are 
60 yards  apart,  and  in  the sense in which they  are called filters, 
every  arable field which  has a ditch on three sides of it may bc 
equally called a  filter. I found the  water  was  standing  within 
2 feet 8 inches of the surface in  the  centre of the plots, the sidc 
drains  being 6 feet deep and  the bot!om drain 8 feet deep. The 
volume of effluent water flowing off the plots greatly exceeds the 
volume of sewage turned on to  them, and when there is no sew-agc 
turned on to them, there is still an effluent flowing from them. 
With  the  relative volumes of 4 of subsoil water to 1 of sewage, 
it is clear that even without  the  aid of land  or  other agency, the 
mixture would h o w ,  by analysis,  a diminution of SO per  cent. in the 
amount of polluting  matter.  The circumstances at  ICendal are  not 
unlike those a t  Merthyr. It is a well-known fact, in selecting  all 
area  for irrigation  in counties  which are noted for excessive rahfalls, 
given  a piece of land upon which water does not  stand  after  rain, it  
will  take  any amount of sewage. A system of disposing of sewage 
on very limited  areas may simply become a mode of discharging 
sewage by ‘ concealed ontfalls,’ instead of a  system of purification. 
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“ Thc  general conclusions which I draw from a perusal of your 
Paper  are in accordance with  my experience extending over a 
long period and  under  varied circumstances. There is one remark 
which I should feel disposed to cavil  at,  and  that is where  you 
class all persons who  have  patented systems of purifying sewage 
as empirics.’ An historical record of the processes of treating 
sewage by rncchanical and chemical means would include the 
names of some of the  first engineers and chemists of their  day, 
and I think  they  are  entitled  to a different classification to  that  to 
which you have relegated them.” 

In  the  strong  light of that evidence, he imagined that  the 
Xerthyr scheme must  crumble  to pieces. With  regard  to Mr. 
Baldwin  Latham’s concluding remark, that  he made the term 
‘‘ empirics ” apply  to  men of honour and eminence, he  much  re- 
gretted  that  the necessity of terseness in  his  introduction could 
have  laid i t  open to such a construction. Once and for all  he 
would wish it to be distinctly understood that, while fully  appre- 
ciating  and  desiring  to do honour to  the  genius  and  energy of 
chemist and engineer, he  had  meant  to  apply  the expression 
merely to  those who, time  after time,  for private  advantage,  had 
floated bubble companies and paraded  worthless chemical baubles 
in  the gaze of the public, resulting  in  disappointment  and loss. 

I n  Kendal,  the proportion of sewage going  to  the  filter beds 
was  stated  in  the  Paper  to be one-third of the  total sewage of 
the  town,  which was  enough,  considering that  there were  only 
four  hundred  and  fifty closets in  the town. In  the first place, 
there  was a regular system of scavengering, and  the middens 
were cleared out whenever they were liable  to overflow. The 
Rivers  Pollution Commission reported that  in  all middens  leakage 
into  the soil took place;  and,  under  the circumstances, he  ventured 
to  think  that  crediting one-third of the sewage to the  filter beds 
was more than sufficient. 

I n  defence of the  dry systems, Professor Ansted  had referred to  
the pail system  in use a t  Manchester, declaring that, as far as he 
could detect, it was not a nuisance.” The question of what con- 
stituted a  nuisance  was of course a matter of opinion and  degree; 
but  the  Rivers  Pollution Commission did  not seem to  agree  with 
Professor  Ansted in  his view of it. Speaking of Manchester, they 
had said, in  their first Report, pp. 23 and 24: In spite of district 
inspection  under  an  energetic  and experienced chief, in spite of 
police assistance, and  notwithstanding  that  the  penny post enables 
every householder so easily to givc  notice  to the scavenger,  privies 
and  ashpits  are  continually to be secn full to overflowing and 
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.as filthy  as can be. . . . . . These middens are cleaned out 
whenever  notice is given that  they need it, probably once half- 
yearly on an average, by a staff of night-men  with  their  attend- 
.ant carts. Occasionally twenty  or  thirty ‘ middens ’ are  thus 
Gleaned out  in succession, the  contents being wheeled along  the 
whole length of the row, making  the  air offensive for several 
nights  together,  and  creating a  nuisance, none the less injurious 
because, the work being done when the people are asleep, the 
filthy smell is not perceived.” Possibly the  explanation  might 
account for Professor Ansted not  having observed the nuisance. 
He  had also complained that London was  not a fair  test place for 
the  application of the  dry  earth system’. That  might be so, but it 
served  the purpose of illustration well ; in fact,  he had  stated  in 
the  Paper  that  the  applicability of the system  was in  the inverse 
ratio of the increase of population.  Hence London was the most 
unsuitable place of all. He would pass over the  Liernur system 
in silence, for, as  his  remarks  in  the  Paper upon it remained abso- 
lutely unanswered, he did not  think  they would gain force by 
repetition. 

Tidal  outfalls  had also been sufficiently dealt  with,  and  he 
thought  that  the metropolitan outfalls  had been completely ex- 
onerated from the charge of silting  up  the channel of the river. 
Mr. Shelford had fallen into one error-he had said that Colonel 
.Cox, in  reporting adversely to the  Thames Valley outfall scheme, 
had been in0uenced by  the supposed effect of such an  outfall upon 
the  river Thames. Having been personally  engaged in  the  inquiry 
which resulted  in Colonel Cox’s report, and  having  that  report  with 
him,  he  ventured  to Rtate in  the most emphatic manner, that  there 
was no  ground for alleging  that consideration of the  injurious effect 
of  such  an  outfall  had been present to Colonel Cox’s mind when he 
made that  report. On the  contrary,  having first stated  that  the 
scheme was too large  or too “ heroic ” for the requirements of the 
district, in which opinion Nr. Bazalgette  ventured  to  diger from 
Colonel Cox, he recommended that  irrigation should be the mode of 
disposition for some places and chemicals for  others, the recom- 
mendation being based alone upon the  relative position of such 
places with  regard  to  the  intake of the  water companies, and  in no 
way  having reference to  the subject of a tidal outfall. Mr. Hope 
had also fallen  into some grave misstatements with  regard  to  the 
effect of the metropolitan outfalls on the town of Barking. He 
had made three  distinct allegations, neither of which had  any 
foundation in fact. The  first  was  that  there was  a disagreeable 
d o u r   i n   t h e  neighbourhood of the outfall,  which was due  to  the 
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outfall. Dr.  Letheby had inquired  into tllc  accuracy of that  state- 
ment some years ago, and  had conclusively shown that  the odour 
of which Mr. Hope had spoken was produced by  certain bone- 
boiling  and  other establishments,  where offensive trades were 
carried on in  the  vicinity of the  outfall,  and  not  by  the  outfall 
itself. The second statement was that  the effect of the  outfall  had 
been to produce a  fever epidemic in  the  town of Barking. Now 
Mr. Rawlinson had held an  exhaustive  inquiry upon this subject, 
and came to  the conclusion that such epidemic was caused solely 
by  the defective sanitary condition of the  town of Barking 
and could in no way be attributed to the outfalls, which were 
4 miles distant from the town. He would also remind Mr. 
Elope that it was at  this  time  that  his company for financial 
reasons had failed in  their project to  carry  the  metropolitan 
sewage to  the Maplin  Sands, and were, consequently, moat anxious. 
that it should  be carried  there for them at  the public ex- 
pense. This  being so, it was  pretty  well understood at  the  time 
that  the  outcry  against  the  metropolitan  outfalls was one which 
had been got  up  in  the  interests of that company. At  any  rate 
he  was  surprised that Mr. Hope should revive  statements  preju- 
dicial  to  the  outfall,  when  he  was  aware  that  they  had been com- 
pletely disposed of and  contradicted  bp  independent official 
investigation.  The  last  statement  which Mr. Hope  had made was 
as unfounded  as the  first two to  which  he  had referred. It was to 
this effect : " It was a common mistake to suppose that  Parliament 
had ever  sanctioned, or  that  Sir Joseph  Bazalgette had ever designed, 
the  outfalls for the  permanent disposal of the sewage of London" 
(ante, p. 181). While  he  maintained  that, if there was any mistake, 
it was that of Mr. Hope in  making such an assertion, he challenged 
him  to produce  a single  tittle of evidence in  support of it. One 
other  remark,  and  he  had done. Several  speakers, including Mr. 
Shelford and Professor Ansted, had commented somewhat  forcibly 
upon the fact that  he  had only  made one recommendation, namely, 
that   in favour of tidal outfalls. He ventured-to  think  that he had 
made four  distinct recommendations, and,  with  the sole exception 
of the  Liernur,  had assigned to every system which he had con- 
sidered an appropriate place in the disposal of sewage. 

*** Owing  to the length of this  article and its position in  the volume, it has 
been nacessary to omit several contributions received through  the Secretary. 
These wi l l  be given in  the  next volume, but  will  appcar at  once in  the  pmphlct 
edition of tlle article.  The  mmes of the contributors we:  M r .  T. W. Kentes, 
Mr. John Wrightsoll, Mr. Eacllns, Capt. L. Flower, Prof. Tmuer, X r .  J. Newton 
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